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iRNA CONJUGATES 

RELATED APPLICATIONS 

The present application claims the benefit of U.S. Provisional Application 
No. 60/460,783, filed April 3, 2003; U.S. Provisional AppUcation No. 60/503,414, filed 
5 September 15, 2003; U.S. Provisional Application No. 60/462,894, filed April 1 4, 2003; U.S. 
Provisional Application No. 60/465,665, filed April 25, 2003; U.S. Provisional Application No. 
60/463,772, filed April 17, 2003; U.S. Provisional AppHcation No. 60/465,802, filed April 25, 
2003; U.S. Provisional Application No. 60/493,986, filed August 8, 2003; U.S. Provisional 
Application No. 60/494,597, filed August 11, 2003; U.S. Provisional Application No. 

10 60/506,341, filed September 26, 2003; U.S. Provisional Application No. 60/518,453, filed 
November 7, 2003; U.S. Provisional Application No. 60/469,612, filed May 9, 2003; U.S. 
Provisional Application No. 60/510,246, filed October 9, 2003; U.S. Provisional Application 
No. 60/510,318, filed October 10, 2003; and International Application No. PCT/US04/07070, 
filed March 8, 2004. The contents of these applications are hereby'incorporated by reference in 

15 their entirety. 

TECHNICAL HELD 

The invention relates to RNAi and related methods, e.g., methods of making and using 
iRNA agents. It includes methods and compositions for silencing genes expressed in the kidney, 
and methods and compositions for directing iRNA agents to the kidney or to sites other than the 
20 kidney. 

BACKGROUND 

RNA interference or 'TlNAi" is a term initially coined by Fire and co-workers to describe 
the observation that double-stranded RNA (dsRNA) can block gene expression when it is 
introduced into worms (Fire et al. (1998) Nature 391, 806-81 1). Short dsRNA directs gene- 
25 specific, post-transcriptional silencing in many organisms, including vertebrates, and has 
provided a new tool for studying gene fimction. RNAi may involve mRNA degradation. 

Based on a 1996 estimate from the National Center for Health Statistics, kidney diseases 
(including infections, kidney stones, cancer, and a missing kidney) affect 2.55 million U.S. 
. citizens (Current Estimates firom the National Health Merview Survey, 1996). Roughly 400,000 
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people sxiffered from end-stage renal disease in 1999. Of these, 150,000 cases resulted from 
diabetes, 100,000 from hypertension, and 62,000 from glomerulonephritis (the inflammation of 
the membrane tissue in the kidney) (U.S.R.D.S. 2001 Aonual Data Report, 2001). According to 
a survey by Business Communications Company, Inc., in 2001, the total diabetes drug market 
5 was $11.7 billion. 

SUMMARY 

The kidney is an important site of gene expression. Aspects of the invention relate to 
silencing genes expressed in the kidney. Accordingly, the invention includes compositions and 
methods for delivering iRNA agents to the kidney. The invention also includes compositions 
1 0 and methods for mininming delivery of iRNA agents to the kidney. 

Aspects of the invention relate to compositions and methods for silencing genes 
expressed in the kidney, e.g., to treat disorders of or related to the kidney. An iRNA agent 
composition of the invention can be one which has been modified to alter distribution in favor of 
the kidney. A composition of the invention includes an iRNA agent, e.g., an iRNA agent or 
1 5 sRNA agent described herein. 

One aspect of the invention provides a method for treating a human having or at risk for 
having a disorder of the kidney. The method of treatment includes administering an iRNA agent 
to the hunian, wherein the iRNA agent targets a nucleic acid, e.g., an RNA expressed in the 
kidney. In one embodiment, the human is suffering from a disorder characterized by elevated or 

20 otherwise unwanted expression of a nucleic acid, e.g., elevated gene expression levels or 

elevated RNA levels, in the kidney. The unwanted expression levels can correspond to a gene 
encoding a chemokine, such as RANTES, MCPl or osteopontin; or a gene encoding a 
complement factor or a growth factor (e.g., Transformmg growth factor-beta (TGFbeta), Platelet 
derived growth factor (PDGF), IGF-1, IGF-2 or Vascular endothelial growth factor (VEGF)). In 

25 another embodunent, the gene can encode an infianmiatory cytokine, such as ELI alpha or 

TNFalpha; a fibrogenic cytokine; a vasoactive protein, such as angiotensin n or ETl; or a growth 
factor receptor, such as KDR (VEGF receptor), an epidermal growth factor receptor, or a 
fibroblast grov/th factor receptor. 

In one embodiment, the human has or is at risk for having renal vascular hypertension, a 
30 uretar obstruction, diabetes, diabetic nephropathy, glomerular sclerosis, glomerular n^hritis. 



2 



wo 2004/090108 



PCT/US2004/010586 



systemic lupus erythranatosis, HIV-associated nqphropathy, renal fibrosis, proteinuiea, renal 
carcinoma, Fanconi's syndrome or Bartter's syndrome. 

In another embodiment, an iRNA agent targeting the kidney can be administered to a 
subject in shock, or the agent can be administared before, during, and/or folloAving a kidney 
5 transplant 

hi one embodiment, the iRNA agent targets a growth factor, such as TGFbeta, or a 
growth factor receptor, and the human has or is at risk for having diabetic nephropathy, 
progressive renal disease, chronic tissue injury, or glomerulosclerosis. In one embodiment, the 
iRNA agent targets a growth factor, such as TGFbeta, and the human has had or is going to have 
1 0 a kidney tranq)lant, or has been identified as a candidate for a kidney transplant. 

In one embodiment, the iRNA agent targets PDGF and the human has had or is going to 
have a kidney transplant, or has heea idaitified as a candidate for a kidney transplant. 

In one embodiment, the iRNA agent targets a vasoconstrictor, such as angiotensin H, or a 
vasoconstrictor receptor, such as angiotensin receptor I, and the human has or is at risk for 
1 5 having angiotensin U-dependent hypertension or type 11 diabetes, or the human is in a 
hyperglycemic state. 

In one embodiment, the iRNA agent targets a vasoconstrictor, such as endothelin-1 (ET- 
1), or an ET-1 receptor, such as ETA or ETB, and the human has or is at risk for having an 
autosomal-dominant polycystic kidney disease and/or chronic renal disease. For example, the 
20 human can have an autosomal-dominant polycystic kidney disease, and in one embodiment, the 
patient's condition has progressed to a chronic renal disease. 

In one embodiment, the iRNA agent targets a transcription fector, such as a ligand- 
activated transcription factor, e.g.. the nuclear hormone receptor peroxisome proliferator- 
activated receptor (PPAR), and the human has or is at risk for having diabetic nephropathy, a 
25 kidney tumor, or glomerulosclerosis. In one embodiment the iRNA agent targets PPAR-alpha, 
PPAR beta/delta, or PPAR gamma. 

In one embodiment, the iRNA agent targets a growth factor receptor, such as an IGF 
receptor (e.g., IGFRl), the VEGF receptor KDR, an epidermal growth factor receptor, or a 
fibroblast growth factor receptor, and the human has or is at risk for having a renal cell 
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carcinoma, diabetic nephropathy, renal hypertrophy, glomerular enlargement, increased urinary 
albumin excretion, and/or diabetes. 

In one embodiment, the iRNA agent targets a costimulatory molecule, e.g., B7-1, B7-2, 
ICOS, CD40, and/or CD 154, and the human has or is at risk for having an autoimmune disease 
5 or transplant rejection. 

In one embodiment, the iRNA agent targets a chemokine, such as MCP-1, RANTES 
and/or osteopontin, and the human has or is at risk for having systemic hypertension, renal 
parenchymal injury, an acute or chronic rejection of a kidney allograft, or chronic hypoxia- 
induced hypertension. 

1 0 In one embodiment, the iRNA agent targets a sodiirai-glucose cotransporter, such as 

sodium-glucose cotransporter 2 (SGLT2), SGLT3, or SGLTl. In one embodiment, the iRNA • 
agent targets SGLT2 (e.g.. Homo sapiens solute carrier family 5, member 2 (SLC5A2)) (see FIG. 
6), and, e.g., the human has or is at risk for having a renal disease, e.g., early stage renal disease. 
In one embodiment, an iRNA agent targets a human SLC5A2 nucleic acid, and has a strand that 

1 5 includes a sequence shown in Table 1 . 
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Table 1. Exemplary siRNA oligonucleotides target SLC5A2 mRNA. 



Position^ 


Region of 
SLCSA2 
transcript 


siRNA Sequence 


siRNA GC 
content 


148 


Coding region 


CCATGTGCAQAACCAACAG 
(SEQ ID NO: 2) 


53% 


499 


Coding region 


TCTCCGGAGCTGTATTCAT 
(SEQ ID NO: 3} 


47% 


859 


Coding region 


^ TCCTCGGACTCACAATCGT 
(SEQ ID NO: 4) 


53% 


1311 


Coding region 


GTGTTCATCGTGGTAGTGT 
(SEQ ID NO: 5) 


47% 


1701 


Coding region 


TTCAGTCTCCGGCATAGCA 
(SEQ ID NO: 6) 


53% 



'Nucleotide position of first nt of &e siRNA sequence with respect to SEQ ID NO:l (see HG. 6). 

One aspect of the invention provides an iRNA agent which targets a complement 
5 component, such as complement factor C3, C4, C5 or B. An iRNA that targets a complement 
component can be desirable, e.g., to inhibit the immune response. 

In one embodiment, the iRNA agent is at least 21 nucleotides long, and the duplex region 
of the iRNA is about 19 nucleotides in length. 

5 
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In one aspect, the invention pro\ddes for a method of delivering an iRNA agent to the 
kidney of a subject, e.g., a manrauilian subject, such as a mouse or a human. In one 
embodiment, the iRNA agent can be delivered to a cell or cells in the glomerulus of the kidney, 
e.g., glomerular endothelial cells, glomerular epitheUal cells, mesangjal cells, and the like; and/or 

5 the iRNA agent can be delivered to the proximal tubular cells of the kidney. For example, an 
iRNA agent can be delivered to the proximal tubular cells of the kidney for treatment of shock, 
uretar obstruction, diabetes, proteinuria, renal carcinoma, or a tubular defect disease, such as 
Fanconi or Bartter's syndrome. An iRNA agent directed to the treatment of a xeaal transplant 
patient can also be directed to the proximal tubular cells of the kidney. In one embodiment, an 

10 iRNA directed to the proximal tubular cells of the kidney will flirther be delivered to the 

interstitium and other downstream cells. It is preferable that the iRNA agent silences a target 
gene at the target site within the kidney. 

An iRNA agent delivered to the kidney, e.g., the proximal tubular cells of the kidney, can 
be an unmodified iRNA agent. In one embodiment, the iRNA agent can be stabilized with 

1 5 phosphodiester linkages. In another embodiment, the 3 ' end of the sense or antisense strand, or 
both, of the iRNA agent can be modified by a cationic group, e.g., an alkyl amine (such as an 
2'0-alkyl amine), polyamine, cationic peptide, or cationic amino acid. The modification can be 
an external or terminal cationic residue. In another embodiment, the sense or antisense strand, or 
both, of the iRNA agent can be modified with a sugar, e.g., a glycoconjugate or aUcylglycoside 

20 component, e.g., glucose, mannose, 2-deoxy-glucose, or an analog thereof In another 

embodiment, the iRNA agent can be conjugated to an enzyme substrate, e.g., a substrate for 
which the relative enzyme is present in a higher amount, as compared to the enzyme level in 
other tissues of the body. For example, the iRNA agent can be conjugated to a substrate of 7- 
glutamyl transferase or n-acetyl-7-glutamyl transferase. 

25 In one embodiment, the iRNA agent can be conjugated to a folic acid or folic acid 

derivative, e.g., 'y-folate, Q5-folate, 5-methyltetrahydrofolic acid, apteridine analog, or an 
alternative analog thereof 

In one embodiment, the iRNA agent of the invention can be conjugated to a protein that 
will acciunulate in the kidney when administered systematically. For example, the iRNA agent 
30 can be conjugated to a lysozyme, cytochrome-c or aprotinin protein. In one embodiment, the 
iRNA agent can be conjugated to a lysine residue of the protein. 

6 



wo 2004/090108 



PCT/US2004/010586 



In one embodiment, an iKNA agent targeted to the kidney can be conjugated to a low 
molecular weight polyethylene glycol CPEG) molecule, or guanidium group, and in another 
embodiment, the iRNA agent can be conjugated to an RGD peptide, peptide analog, or peptide 
mimetic or derivative thereof. An iKNA conjugated to an RGD peptide, peptide analog, or 
5 peptide mimetic can bind to an av/33 integrin. Other exemplary integrin inhibitors are shown in 
Tables 2 and 3 below. 

Table 2. Synthetic inteprin inhibitors described in Goodman et a l.. J. Med. Chem. 
45:1045-1051.2002. 















^^0CF3 










Xr" ^XX°" 

^^NOa 
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Table 3. Synthetic inteerin inTiihitnrs He scribedbv Sulvok etal. J. M ed. Chem. 44:1938-1950, 
2001. 





R 


base 


spacer 




(Carboxamide)* 


guanidine 


m-Ceft,- 


none 


guanidine 


CO-C4H8- 


none 


guanidine 




4-F 


guanidine 




4-Cl 


guanidine 


m-CJH,- 


4-Br 


guanidine 




4-OCH3 


guanidine 




4-OCF3 


guanidine 


guanidine 


(1-naphthyl/ 


guanidine 




"4 


3-Cl,5-Cl 


guanidine 




(H)' 


2-NH2- 
pyridine 


CO-C4H8- 


none 


2-NH2- 

pyridine 


ffl-CiiHg- 


4-F 


2-NH2- 
pyridine 


(D-C4H8- 


4-a 


2-ISIH2- 
pyridine 


fi)-C4H8- 


4-Br 


2-NH2- 
pyridine 


a)-C4H8- 


4-OCH3 


2-NH2- 
pyridine 





8 



wo 2004/090108 



PCT/US2004/010586 





4-OCF3 


2-NH2- 


<D-C4Hg- 






pyridine 






(1-naphthyiy 


2-NH2- 


(B-C4H8- 






pyridine 






3-a,5-a 


2-NH2- 








pyridine 





^ Instead of substituted phenyl ring 



Ref: Sulyok, G. A. G.; Gibson, C; Goodman, S. L.; Holzemann, G.; Wiesner, M.; 
KesslerH. J. Med. Chem. 2001, 44, 1938-1950 

In a preferred embodiment, at least 30%, 40%, 50%, 60%, 70%, 80%, 90% or more of 
5 the IRNA agent administered to the subject is successfully targeted to the the kidney. In a 
preferred embodimaat between 30-90%, 40-80% or 50-70% 50-80%, or 50-90% of the iRNA 
agent administered to the subject is successfully targeted to the the kidney. 

In any of the embodiments described above, the iRNA agent/conjugate can have 
additional modifications, such as a stabilizing modificatiorL For example, a linker molecule can 
10 tether a protein, PEG or RGD peptide to the iRNA agent. Exemplary linkers are described infra, 
and can include amino linkers (e.g., aminooxy linkers), thiol linkers, carboxyl linkers, aldehyde 
linkers, haloacetyl linkers, and the like. 

In another aspect, the invention features an iRNA conjugate. The conjugate includes an 
iSNA agent coupled to, e.g., linked to, a ligand or then^eutic agent. The iRNA agent is 
15 optionally coupled to the ligand or therapeutic agent by a linker (e.g., a peptide linker or other 
linker described herein). The ligand can fimction to, e.g., afGsct the distribution of the iRNA 
agent in the body and/or to target the iRNA agent to a particular tissue or cell. 

The ligand can be placed at an end of the iRNA agent, preferably at the 3 'end of an RNA 
strand of the iRNA agent. The ligand can also be placed at the 5'end, or within the middle of the 
20 iRNA agent In some embodiments, more than one ligand can be coupled to the iRNA agent. 
For example, a ligand can be coupled to the 3' end of each of two strands of an iRNA agent; a 
ligand can be coupled to an end, e.g., a 3' end and to the middle of a strand of an iRNA agent; a 
ligand can be coupled to the 3' end and the 5* of one or both of two strands of an iRNA agent. 
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Li one embodiment, the ligand is a lipid or lipid-based molecule. Such a lipid or Upid- 
based molecule preferably binds a serum protein, e.g., human serum albumin (HS A). An HS A 
binding ligand allows for distribution of the conjugate to a target tissue, e.g., a non-kidney target 
tissue of the body. For example, the target tissue can be the liver, including, but not limited to 

5 parenchymal cells of the liver. Other molecules that can bind HSA can also be used as ligands. 
For example, neproxin or aspirin can be used. A lipid or lipid-based ligand can (a) increase 
resistance to degradation of the conjugate, (b) increase targeting or transport into a target cell or 
cell membrane, and/or (c) can be used to adjust binding to a serum protein, e.g., HSA. 

A lipid based ligand can be used to modulate, e.g., control the binding of the conjugate to 
10 a target tissue. For example, a lipid or lipid-based ligand that binds to HSA more strongly will 
be less likely to be targeted to the kidney and therefore less Ukey to be cleared from the body. A 
lipid or lipid-based ligand that binds to HSA less strongly can be used to target the conjugate to 
the kidney. 

In a preferred embodiment, the lipid based ligand binds HSA. Preferably, it binds HSA 
1 5 with a sufficient affinity such that the conjugate will be preferably distributed to a non-kidney 
tissue. However, it is prefened that the affinity not be so strong that the HSA-ligand binding 
cannot be reversed. 

In another prefanred embodiment, the lipid based ligand binds HSA weakly or not at all, 
such that the conjugate will be preferably distributed to the kidney. Other moieties that target to 
20 kidney cells can also be used in place of or in addition to the lipid based ligand. 

In a preferred embodiment, the lipid or lipid based ligand is a phosphorothioate. In this 
embodiment, it is preferred that the niunber of sulfins on the phosphorothioate not be so 
prevalent that they interfere with binding to a serum protein, e.g., HSA. 

In another embodiment, the ligand is a peptide or peptoid. Peptoids, in particular 
25 ampiphathic species, such as Antemiapedia or tat, are preferred. 

In another embodiment, the ligand is a polyethylene glycol (PEG) or derivatives thereof. 
A PEG can, e.g., allow the agent to be kept in circulation. A PEG is intrinsically amphipathic, 
and can promote stabiUty, particularly if coupled at the 3 'end of the iKNTA agent. 



30 



In another embodiment, the ligand is a charged group or moiety, e.g., a polyamine or 
cationic group or moiety. This type of linker moiety, e.g., becaiise of its charge, e.g., its negative 
10 
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charge, can Selp overcome the resistance of entry of the iKNA agent into a cell. Preferably, 
these are conjugated at tiie 3' end, but they can also be at the 5' end or within the middle of tiie 
iRNA molecule. Exemplary polyamines include polyarginine, polylysine, polyhistidine, 
polypreprozine, or polymorpholinos, polyomithine. 

In another embodiment, the ligand is a vitamin or other moiety which is taken up by a 
target cell, e.g., a proliferating cell. These are particularly useful for treating disorders 
characterized by unwanted cell proliferation, e.g., of the malignant or non-malignant type, e.g., 
cancer cells. Exemplary vitamins are B vitamin, e.g., foUc acid, B12, riboflavin, biotin, 
pyridoxal or other vitamins or nutrients taken up by cancer cells. Also included are HSA and 
low density Upoprotein (LDL). 

In another embodiment, the ligand is a cell-permeation agent, preferably a helical cell- 
permeation agent. Preferably, the agent is amphipathic. An exemplary agent is a peptide such as 
tat or antennopedia. If tiie agent is a peptide, it can be modified, including a pepidylmimetic, 
invertomers, non-peptide orpseudo-peptide linkages, and use of D-amino acids. The helical 
agent is preferably an a^ha-helical agent, which preferably has a lipophilic and a lipophobic 
phase. 

The hgand or targeting agent can be a targeting agent. The targeting agent can be a 
sugar, a peptide, e.g., an RGD containing peptide. 

Another useful targeting agent is one that incorporates a sugar, e.g., galactose and/or 
analogs thereof. These are useful because they target the hver, in particular, the parenchymal 
cells of the liver. In a preferred embodiment, the targeting moiety includes more than one 
galactose moiety, preferably two or fliree. Preferably, the targeting moiety mcludes 3 galactose 
moieties, e.g., spaced about 15 angstroms firom each other. The targeting moiety can be lactose. 
A lactose is a glucose coupled to a galactose. Preferably, the targeting moiety includes three 
lactoses. The targeting moiety can also be N-Acetyl-Galactosamine, N-Ac-Glucosamine. A 
mannose, or mannose-6-phosphate targeting moiety can be used for macrophage targeting. 

Peptides that target markers enriched in proliferating cells can be used. E.g., RGD 
containing peptides and petomimetics can target cancer cells, in particular cells that exhibit an 
OvPs integrin. Thus, one could use RGD peptides, cyclic peptides contaming RGD, RGD 
peptides that include D-amino acids, as well as synthetic RGD mimics. In additionl to RGD, one 
can use other moieties that target the Oy-ps integrin hgand. Genearally, such ligands can be used 
11 
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to control proliferating cells and angiogeneis. Preferred conjugates of this type include an iRNA 
agent that targets PECAM-1, VEGF, or other cancer gene, e.g., a cancer gene described herein. ' 

In one embodiment, an iRNA agent is linked, e.g., directly linked, e.g., covalently, or 
non-covalentlylinked, to the targeting agent, e.g., a targeting agent decribed herein. This is 
referred to as a "conjugation" approach. In another embodiment, the targeting agent (e.g., the 
same targting agent) is simply mixed with the iRNA agent This is referred to as a "complexing" 
approacL hi a complexing approach, the iRNA agent can be mixed with, e.g., a cationic 
molecule, e.g., a cationic lipid, e.g., with or witiiout a targting group, e.g., with or without a 
sugar or an RGD constiiict described herein. In some embodiments, the iRNA agent is mixed 
with a polymer-based system, e.g., with or without a targeting group. In other embodiments, the 
iRNA agent is mixed with a nanoparticle. 

The iRNA conjugates described herein can include a targeting agent that targets the 
iRNA agent to a desired target cell or tissue. The target cell or tissue can be a cancer cell, a cell 
of the vasculature, e.g, tumor vasculature, an angiogenic cell, e.g., a tumor angiogenic cell, or an 
endosome. A preferred target is the kidney. In another embodiment, the hver e.g., the 
parenchymal cells of the liver, is a preferred target 

The methods and compositions of the invention, e.g., the conjugates described herein, can 
be used witib any of the iRNA agents described herein. In addition, the methods and 
coixqpositions of the invention can be used for the treatment of any disease or disorder described 
herein, and foi: the treatment of any subject, e.g., any animal, any mammal, such as any human. 

The methods and compositions of the invention, e.g., the conjugates described herein, can 
be used with any dosage and/or formulation described herein, as well as with any route of 
administration described herein. 

As used herein, "conjugated" means two entities are associated, e.g., with sufficient 
aflfinity that the therapeutic benefit of the association between the two entities is realized. 
Conjugated can include covalent or noncovalent bonding as well as other fomis of association, 
such as entrapment, e.g., of one entitity on or within the other, or of either or both entities on or 
within a third entity, such as a micelle. Particularly preferred forms of conjugation are by 
covalent bonding, e.g., those described herein. An entity can be conjugated to an iRNA agent, 
e.g., at the 3' or 5' terminus of either strand or intemally. It is preferred that an entity is 
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conjugated to the iRNA agebfin "such a way as to preserve the ability of the antisense strand to 
mediate silencing. 

Unless otherwise defined, all technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill in the art to which this invention 

5 pertains. The materials, methods, and examples are illustrative only and not intended to be 
limiting. Although methods and materials similar or equivalent to those described herein can be 
used in the practice or testing of the present invention, useful methods and materials are 
described below. Other features and advantages of the invention will be apparent from the 
accompanying drawings and description, and from the claims. The contents of all references, 

1 0 pending patent applications and published patents, cited throughout this application are hereby 
expressly incorporated by reference. In case of conflict, the present specification, including 
definitions, will control. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a structural representation of base pairing in psuedocomplementary siRNA^. 

15 FIG. 2 is a schematic representation of dual targeting siRNAs designed to target the HCV 

genome. 

FIG. 3 is a schematic representation of psuedocomplementary, bifimctional siRNAs 
designed to target the HCV genome. 

FIG. 4 is a general synthetic scheme for incorporation of RRMS monomers into an 

20 oligonucleotide. 

FIG. 5 is a table of representative RRMS carriers. Panel 1 shows pyrroline-based 
RRMSs; panel 2 shows 3-hydroxyproline-based RRMSs; panel 3 shows piperidine-based 
RRMSs; panel 4 shows morpholine and piperazine-based RRMSs; and panel 5 shows decalm- 
based RRMSs. Rl is succinate or phosphoramidate and R2 is H or a conjugate ligand. 



25 



FIG. 6 is the nucleotide sequence of Homo sapiens solute carrier family 5 
(sodium/glucose cotransporter), member 2 (SLC5A2) mRNA (SEQ ID N0:1). The 5' and 3' 
UTRs are mdicated by italics. Exemplary siRNA target regions are imderlined. 
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nG. TAisa j^phdqpiclBjigtheresultsofqu^ Class I 

iRNAs were injected into mice, and then liver and kidney ApoM RNA levels were measured by 
quantitative RT-PCR. "CI" and "C2" represents ApoM RNA levels in control mice. 

FIG. 7B shows gels denoting the results of quantitative RT-PCR experiments. Class I 
iRNAs were injected into mice, and then liver and kidney ApoM RNA levels were measured by 
quantitative RT-PCR. "CI " and "C2" represents ApoM RNA levels in control mice. 

FIG. 8 is a graph showing the results of quantitative RT-PCR experiments that measured 
ApoM RNA levels in HepG2 tissue culture cells following cotransfection with aplasmid 
expressing exogenous ApoM RNA under a CMV promoter and a class I iRNA (1, 2, 3, or 4). 
"C" represents a ApoM RNA levels in control HepG2 tissue culture cells. 

FIG. 9A is a graph depicting the results of quantitative RT-PCR experiments. Class n 
iRNAs (11, 13, 15, and 17) were injected separately into mice. Liver and kidney ApoM RNA 
levels were then measured by quantitative RT-PCR. "C" represents ApoM RNA levels in 
control mice (mice not injected with class U iRNAs). 

FIG. 9B shows gels denoting the results of quantitative RT-PCR experiments. Class 11 
iRNAs were injected into mice, and then liver and kidney ApoM RNA levels were measured by 
quantitative RT-PCR. "C" represents ApoM RNA levels in control mice (mice not injected wifh 
class niSNAs). 

FIG. lOA is a . graph showing the levels of serum ApoM levels in mice following injection 
with class n RNAi's (1 1, 13, 15, or 17) containing phosphorothioates. "C" represents serum 
ApoM levels in control mice (mice not injected with class II iRNAs). 

FIG. lOB is a Western blot showing the levels of serum ApoM levels in mice following 
injection with class n RNAi containing phosphorothioates. "C" represents serum ApoM levels 

in control mice (mice not injected with class n iRNAs). 

FIG. 11 A is a graph showing the levels of serum ApoM levels in mice following injection 
with Class III RNAi molecules (19, 21, or 23). "C" represents serum ApoM levels in control 
mice (mice not injected with class m iRNAs). 
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FIG. 1 IB is a Western blotshowing the levels of serum ApoM levels in mice following 
injection with Class HI RNAi molecules. "C" represents serum ApoM levels in control mice 
(mice not injected with class HI iRNAs). 

FIG. 12A is a graph shoAving the levels of serum ApoM levels in mice following 
injections with varying concentrations ("/ig") of RNAi. The effect of preincubating the RNAi 
with lipofectamine ("Lipo") was also tested in these experiments. 

FIG. 12B is a Westem blot showing the levels of serum ApoM levels in mice following 
injections with varying concentrations ("jxg") of RNAi. The effect of preincubating the RNAi 
with Upofectamine ("Lipo") was also tested in these experiments. 

FIG 13 depicts a sugar moiety useful for conjugation to an iRNA agent (depicted by 
"siRNA"). "X"canbeS,]SiH,NR,orO. "R" can be an alkyl group. 

DETAILED DESCRIPTION 

Double-stranded (dsRNA) directs the sequence-specific silencing of mRNAthrougih a 
process known as RNA interference (RNAi). The process occurs in a wide variety of organisms, 
including mammals and other vertebrates. 

It has been demonstrated that 21-23 nt fiagments of dsRNA are sequence-specific 
mediators of RNA silencing, e.g., by causing RNA degradation. While not wishing to be bound 
by theory, it maybe that a molecular signal, which maybe merely the specific length of the 
fi-agments, present in these 21-23 nt fragments recruits cellular factors that mediate RNAi. 
Described herein are methods for preparing and administering these 21-23 nt fragments, and 
other iRNAs agents, and their use for specifically inactivating gene fimction. The use of iRNAs 
agents (or recombinantly produced or chemically syntihesized oligonucleotides of the same or 
similar nature) enables the targeting of specific mRNAs for silencing in mammalian cells. In 
addition, longer dsRNA agent fragments can also be used, e.g., as described below. 

Although, in mammalian cells, long dsRNAs can induce the interferon response which is 
frequently deleterious, sRNAs do not trigger the interferon response, at least not to an extent that 
is deleterious to the cell and host. In particular, the length of the iRNA agent strands in an sRNA 
agent can be less than 31, 30, 28, 25, or 23 nt, e.g., sufiicientiy short to avoid inducing a 
deleterious interferon response. Thus, the administration of a composition of sRNA agent (e.g., 
formulated as described herein) to a mammalian cell can be used to silence expression of a target 
15 
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gene while circumventing the interferon response. Further, use of a discrete species of iRNA 
agent can be used to selectively target one allele of a target gene, e.g., in a subject heterozygous 
for the allele. 

Moreover, in one embodiment, a mammalian cell is treated with an iRNA agent that 
5 disrupts a component of the interferon response, e.g., double stranded RNA (dsRNA)-activated 
protein kinase PKR. Such a cell can be treated with a second iRNA agent that includes a 
sequence complementary to a target RNA and that has a length that might otherwise trigger the 
interferon response. 

In a typical embodiment, the subject is a mammal such as a cow, horse, mouse, rat, dog, 
10 pig, goat, or a primate. The subject can be a dairy mammal {e.g., a cow, or goat) or other fanned 
animal {e.g., a chicken, turkey, sheep, pig, fish, shrimp). In a much preferred embodiment, the 
subject is a human, e.g., a normal individual or an individual that has, is diagnosed with, or is 
predicted to have a disease or disorder. 

Further, because iRNA agent mediated silencing persists for several days after 
15 administering the iRNA agent composition, in many instances, it is possible to administer the 
composition with a frequency of less than once per day, or, for some instances, only once for the 
entire therapeutic regimen. For example, treatment of some cancer cells may be mediated by a 
single bolus administration, whereas a chronic viral infection may require regular administration, 
e.g., once per week or once per month. 

20 A niraiber of exemplary routes of delivery are described that can be used to administer an 

iRNA agent to a subject. In addition, the iRNA agent can be formulated according to an 
exen^lary method described herein. 

Targeting of iRNA Agents to the Kidney 

The delivery of iRNA agents to the kidney can be preferable, such as for the treatment of 
25 diseases of the kidney. An iRNA agent that is targeted to the kidney can be delivered to a 
particular cell type of the kidney, and further to a particular gene target of the kidney. For 
example, an iRNA agent of the invention can be directed to cells of the glomerulus 
glomerular endothelial cells, glomerular epithelial cells, or mesangial cells), or to proximal 
tubular cells of the kidney. An iRNA agent delivered to tibe proximal tubular cells of the kidney 
30 can be fiirttier distributed to the interstitium and other downstream cells. 

16 
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The invention includes a variety of methods for the distribution of iRNA agents to the 
kidney. The distribution of iRNAs can be targeted to the kidney by the incorporation of a 
phosphodiester backbone. For example, an iRNA agent targeted to the kidney can have at least 
about 10, 15, 20, 25, or 30 phosphodiester linkages or more incorporated into the backbone. The 

5 phosphodiester backbone is particularly efBcient at delivery of an iRNA agent to the proxunal 
tubular cells of the kidney. Delivery of the iRNA agent can be enhanced by the attachment of a 
modification, such as a cationic group, to at least one end of, or internally on, the sense or 
antisense strand of the iRNA molecule, or both. Preferred points of attachment are, for example, 
to the 5' end of the sense strand, the 3' end of the sense strand or the 3' end of the antisense 

10 strand. Exemplary cationic groups include alkyl amines, polyamines, cationic peptides, and 
cationic amino acids (e.g., arginrne, lysine, or ornithine). In one alternative, the cationic group 
modification can be attached to the 3' end of an iRNA agent. In another alternative, the cationic 
group is conjugated internally on the iRNA agent, e.g., by any of the methods described herein. 
Lateral conjugation is preferred to be on the sense strand. Exemplary cationic modification are 

15 shown below. 



2'- Cationic Modificatioiis 
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2'-0-AP (2'-0-aminQpropyl) 
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2'-ODMAEOE(2'-0-dimethylaminoethyl-oxyethyl) 



2'-0-DMAP (2*-Odime%laminopropyl) 



O 
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2'-0-AEMA0E (2'-0-aminoethyl- 
methylamino-oxyethyl) 





Cationic 2'-modifications in the protonated form at tlie physiologicai pH 
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Cationic groups 



Spermidine 



O ^^^NHa 



HN ^ 

\0 



^fi-^^-^ ^ 



5-(3-Ainlno-1-propynyl)-2'-deoxyuridine 5-|ii/lethyl-2-oxo-4-spermine-1-(2-deoxyrlbose)pyrimIdlne 



5-(4-/iM,A/-bls-(3-aminopropyl)amino]l3utyIl- 
2'-deoxyuridine residue 



N W N 



2-Spermine-2'-deoxyinosine residue 



i4fa-Uridine-2'-(sperminepropyl)phosphate residue 
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An iRNA agent can be targeted to tiie kidney by conjugation of a sugar moiety to the 
iRNA agent, as shown in FIG 13 for example. Exemplary sugar molecules include glucose, 
mannose, and 2-deoxy-glucose, and analogs of each. These particular sugars and others have 
specific receptors in the kidney, and are therefore useful for delivery of an iRNA agent to the 
kidney The sugar moiety can include a hydrophobic group, e.g., an alkyl group, attached to the 
anomeric carbon. For example, the hydrophobic group can be attached via a carbon, sulfur, 
oxygen, or nitrogen atom, e.g., an amino group. The sugar moiety can be attached to the iENA 
agent, e.g., by a carbamate linker, or by any of the methods described herein. 

An iRNA agent can be delivered to the kidney through the exploitation of a kidney- 
selective enzyme, e.g., an enzyme that expressed and or active primarily in the kidney. An iRNA 
agent can be conjugated with a substrate for an enzyme that is found in the kidney, preferably an 
enzyme that is enriched in or is localized to the kidney For example, the 7-glutamyl 
transpeptidase, -y-glutamyl transferase and n-acetal-^-glutamyl enzymes are more abimdant in the 
proximal tubular cells of tihe kidney than in some other tissue types. Therefore, an iRNA agent 
conjugated to glutathione or a -y-glutamyl amino acid will be transported to and concentrated in 
the kidney proximal tubular cells where the enzymes of the y-glutamyl cycle are concentrated. 

The kidney also contains a high-aflaoity folate binding protein (FBP), also concentrated 
in the proximal tubular cells (Christensen et al. Int. Rev. Cytol. 180:237-284, 1998). Therefore, 
an iRNA agent can be targeted to the kidney, by conjugation of the iRNA agent to a folic acid 
molecule. This delivery method has been shown to successfully deliver antisense RNAmessages 
19 
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to the kidney. Exemplary folic acid conjugates include, T-folate, ot-folate, 5-methyl 
tetrahydrofolic acid, pteridine analogs and other folic acid analogs. 

Certain low molecular weight proteins (e.g., lysozyme, cytochrome C or aprotinin) when 
administered systematically, accumulate rapidly in the kidney, where they concentrate in the 

5 proximal tubular cells through a reabsoiption mechanism. An iRNA agent can be conjugated to 
one of these proteins, e.g., via a lysine residue of the protein. For example, a linker moiety (see 
infra) can tether the iRNA agent to the lysme residue. An iRNA-protein conjugate will, in some 
cases, be more resistant to nucleases than an iRNA agent alone. After delivery of the iRNA- 
protein conjugate to the proximal tubules, proteases of the lysosome can optionally liberate the 

1 0 iRNA agent from the protein conjugate, thereby freeing the iRNA agent to anneal to its target 
nucleic acid. In one embodiment, a fusogenic component of the complex, e.g., a fusogenic agent 
conjugated to the iRNA-protein complex, can faciUtate the release of the iRNA agent from a 
lysosome or endosome. 

An iRNA agent can be targeted to the kidney using a method that relies upon extensive 
15 hydration which can be eflFected, e.g., by conjugation to a moiety, e.g., a polymer, e.g., a 
polyethylene glycol (PEG). For example, an iRNA agent can be fused to a water soluble 
polymer, e.g., a small-molecular weight PEG molecule, which will transport siRNAs to the 
kidney The PEG molecule can have a molecular weight of about 500, 600, 900, 1000, 2000, 
10000, 25000, 50000 or 100,000. Preferably, the PEG has a molecular weight of between about, 
20 500 and 100000, 2000 and 50000. More preferebly, the PEG has a molecular weight between 
about 5000 and 40000. 

An iRNA of the invention can be targeted to the mesangial cells of the kidney by 
conjugation of a peptide containing one or more Arg-Gly-Asp (RGD) motifs. The RGD motif 
interacts with integrins of the mesangial cells of the kidney. For example, an iRNA-RGD 
25 conjugate can bind to an alphaV-beta3, alphaS, alpha5, or alphaS-betal integrin, or to other 

integrins concentrated in the mesangial cells of the kidney, hi other alternatives, an iRNA agent 
of the invention can be conjugated to an RGD analog or RGD mimic. 

An iRNA agent can be used to treat a human having or at risk for having a disease or 
disorder associated with the kidney. For example, an iRNA of the invention can be administered 
30 to treat renal vascular hypertension, diabetes (or a symptom of diabetes such as diabetic 

nephropatihy), glomerular sclerosis, glomerular nephritis, systemic lupus erythematosus, HIV- 

20 
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associated nephropathy, renal carcinoma, renal fibrosis, or i n fl ammatory diseases tiiat may 
eventually lead to necessary renal transplantation. 

There are a variety of exemplary gene targets useful for the treatment of kidney-related 
disorders. For example, an iRNA agent of the invention can target a nucleic acid encoding a 

5 cytokine or a growth factor {e.g., TGFbeta, PDGF, IGF-1, IGF-2, or VEGF). An iRMA agent can 
target the growth factor TGFbeta, for example, which has been shown to contribute to 
progressive diabetic nephropathy (Reeves and Andreoli, Proc Natl. Acad. Set 97:7667-7669, 
2000). TGFbeta has also emerged as a predominant mediator of extracellular matrix production 
and deposition in progressive renal disease and in other forms of chronic tissue injury (Cheng 

10 and Grande, Exp. Biol. Med. 227:943-956, 2002). Inhibition of TGFbeta activity can prevent 
renal insufficiency and glomerusclerosis, such as in patients wdth type 11 diabetes. In another 
example, an iRNA of the invention can target PDGF. Chronic allograft nephropathy is the 
primary reason for late allograft loss in kidney transplantation, and inhibition of PDGF can be 
administered to transplant patients as a method to prevent graft rejection (see, for example, 

15 Savikko et al, Transplantation 27:1147-1153, 2003). 

An iRNA agent can target a vasoconstrictor or a vasoconstrictor receptor. For example, 
an iRNA agent can be used to target angiotensin II or the AGTl receptor. Inhibitors of either of 
these genes or gene products can be admioistered for the treatment of angiotensin H-dependent 
hypertension. In addition, inhibitors of the angiotensin receptor can slow the progression of 

20 nephropathy, such as in patients with type n diabetes (Lewis, Am. J. Hypertens. 15: 123S-128S, 
2002). An iRNA agent that targets angiotensin n or the AGTl receptor can be administered to 
patients in a hyperglycemic state to increase renal plasma flow (HoUenberg, Am. J. Hypertens. 
14:237S-241S, 2001). An iRNA agent can target the vasoconstrictor ET-1, or one or more of its 
receptors, ETA or ETB. An iRNA agent that targets ET-1 or an ET-1 receptor can be 

25 administered to a patient with autosomal-dominant polycystic kidney disease. Treatment of the 
disease can begin or continue after a patient has developed chronic renal disease. 

iRNA agents which silence genes disclosed herein are preferrably modified to favor 
distribution to the kidney, but will in some cases have sufficient efficacy do not require 
modification. 

30 An iRNA agent directed to the kidney can target a ligand-activated transcription factor, 

such as a nuclear hormone receptor, e.g., a peroxisome proliferator-activated receptor (PPAR). 
Three isoforms of PPAR (alpha, beta/delta, and gamma) are differentially expressed in the 
21 
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Mdney, and any of the isotbnns (or two or all three) can be a target of an iRNA agent(s) 
administered for the treatment of a renal disease, e.g., glomerulosclerosis, diabetic nephropathy, 
or kidney tumors (Guan, Minerva Urol. Nefrol. 54:65-79, 2002). 

An iRNA agent can target a growth hormone receptor for the treatment of a kidney 
5 disorder, such as renal cell carcinoma (RCC). Exemplary hormone receptor targets for the 
treatment, e.g., of RCC, include but are not limited to KDR, an EGF receptor, an FGF receptor, 
and an IGF receptor {e.g., IGFRl or IGFR2). Targeting of any of these growth hormone 
receptors can also be useful as a treatment against diabetes. 

An iRNA agent can be used to target a component of tiie immune system, such as a 
10 costimulatoiy molecule, such as B7-1, B7-2, ICOS, CD40, CD154, and the like. Disruption of 
the natural costunulatory interaction can be efTective in the prevention and treatment of 
autoimmune disease and transplant rejection (Biancone et al, Nephrol. 15:7-16, 2002). 

An iRNA agent can be used to tarjget a chemokine, such as RANTES, MCP-1, or 
osteopontin. An iRNA agent that targets RANTES or MCP-1, for example, can iohibit 
1 5 monocyte and macrophage recruitment into the kidney, such as may occur in cases of systemic 
hypertension, and consequently, administration of these iRNA agents can inhibit or prevent renal 
parenchymal injury. An iRNA agent that targets MCP-1 can be administered to inhibit the acute 
and chronic rejection of a kidney allograft (Lazzeri, G. Ital. Nefrol. 19:641-649, 2002). An 
iRNA agent that targets osteopontin can be administered to treat hj'pertension. 

20 An iRNA agent can be used to target a complement component, such as complement 

factor C3, C4, C5 or B. An iRNA agent directed against a complement factor can be 
administered to a patient to treat or prevent nephropathy and/or glomerulonephritis (see 
Hanafusa et al, Nephrol. Dial Transplant 17, Suppl 9:34-36, 2002; and Welch, Nephron 
88:199-204,2001). 

25 A patient who has had or is identified as being a candidate for a kidney transplant can be 

treated with an iRNA that targets the kidney. A kidney transplant can refer to an alio- or 
xenotransplant, and an allotransplant can utilize the kidney of an HLA-matched or mismatched 
donor. An iRNA agait can be administered prior to, conciirrent with, or after the transplant. An 
iRNA agent targeted to the kidney can be combined with other therapeutics, such as broad 

30 spectrum immunosuppressors, e.g., cyclosporin A, Tacrolimus (FK506), siroUmus (rapamycin); 
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anti-T cell antibodies, e.g., 0KT3 th^apy, anti-CD3, anti-CTIA4, or anti-CD28; or radiation 
therapy. 

iRNA AGENT STRUCTURE 

Described herein are isolated iRNA agents, e.g., RNA molecules, (double-stranded; 
5 single-stranded) that mediate RNAi. The iRNA agents preferably mediate RNAi with respect to 
an endogenous gene of a subject or to a gene of a pathogen. 

An "RNA agenf as used herein, is an unmodified KNA, modified RNA, or nucleoside 
surrogate, all of which are defined herein (see, e.g., the section below entitled RNA Agents). 
While numerous modified RNAs and nucleoside surrogates are described, preferred examples 
10 include those which have greater resistance to nuclease degradation than do unmodified RNAs. 
Preferred examples include those which have a 2' sugar modification, a modification in a single 
strand overhang, preferably a 3' single strand overhang, or, particularly if single stranded, a 5' 
modification which includes one or more phosphate groups or one or more analogs of a 
phosphate group. 

1 5 An "iRNA agent" as used herein, is an RNA agent which can, or which can be cleaved 

into an RNA agent which can, down regulate the expression of a target gene, preferably an 
endogenous or pathogen target RNA. While not wishing to be bound by theory, an iRNA agent 
may act by one or more of a number of mechanisms, including post-transcriptional cleavage of a 
target mRNA sometimes referred to in the art as RNAi, or pre-transcriptional or pre-translational 

20 mechanisms. An iRNA agent can include a siogle strand or can include more than one strands, 
e.g., it can be a double stranded iRNA agent. If the iRNA agent is a single strand it is 
particularly preferred that it include a 5' modification which includes one or more phosphate 
groups or one or more analogs of a phosphate group. 

The iRNA agent should include a region of sufiBcient homology to the target gene, and be 
25 of sufficient length in terms of nucleotides, such that the iRNA agent, or a firagment thereof, can 
mediate down regulation of the target gene. (For ease of exposition the term nucleotide or 
ribonucleotide is sometimes used herein in reference to one or more monomeric subunits of an 
RNA agent. It wiU be understood herein that the usage of the term "ribonucleotide" or 
"nucleotide", herein can, in the case of a modified RNA or nucleotide surrogate, also refer to a 
30 modified nucleotide, or surrogate replacement moiety at one or more positions.) Thus, the iRNA 
agent is or includes a region which is at least partially, and in some embodiments fiilly, 
23 
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complementary to the target RNA. It is not necessary that there be perfect complementarity 
between the iRNA agent and the target, but the correspondraice must be sufficient to enable the 
iKNA agent, or a cleavage product thereof, to direct sequence specific silencing, e.g., by RNAi 
cleavage of tiie target RNA, e.g., mRNA. 

5 Complementarity, or degree of homology with the target strand, is most critical in the 

antisense strand. While perfect complementarity, particularly in the antisense strand, is often 
desired some embodiments can include, particularly in the antisense strand, one or more but 
preferably 6, 5, 4, 3, 2, or fewer mismatches (with respect to the target RNA). The mismatches, 
particularly in the antisense strand, are most tolerated in the terminal regions and if present are 
10 preferably in a terminal region or regions, e.g., within 6, 5, 4, or 3 nucleotides of the 5' and/or 3' 
tominus. The sense strand need only be sufGciently complementary with the antisense strand to 
maintain the over all double strand character of the molecule. 

As discussed elsewhere herein, an iRNA agent will often be modified or include 
nucleoside surrogates in addition to tiie KRMS. Single stranded regions of an iRNA agent will 

15 often be modified or include nucleoside surrogates, e.g., the impaired region or regions of a 

hairpin structure, e.g., a region which links two complementary regions, can have modifications 
or nucleoside surrogates. Modification to stabilize one or more 3'- or 5'-terminus of an iRNA 
agent, e.g., against exonucleases, or to favor the antisense sRNA agent to enter into RISC are 
also favored. Modifications can include 03 (or C6, C7, CI 2) amino, linkers, thiol linkers, 

20 carboxyl linkeK, non-nucleotidic spacers (C3, C6, C9, C12, abasic, triethylene glycol, 

hexaethylene glycol), special biotrn or fluorescein reagents that come as phosphoramidites and 
that have another DMT-protected hydroxyl group, allowing multiple couplings during RNA 
synthesis. 

iRNA agents include: diolecules that are long enou^ to trigger the interferon response 
25 (which can be cleaved by Dicer (Bernstein et al. 2001 . Nature, 409:363-366) and enter a RISC 
(RNAi-induced silencing complex)); and, molecules which are sufGcientiy short that they do not 
trigger the interferon response (which molecules can also be cleaved by Dicer and/or enter a 
RISC), e.g., molecules which are of a size which allows entry into a RISC, e.g., molecules which 
resemble Dicer-cleavage products. Molecules that are short enough that they do not trigger an 
30 interferon response are termed sRNA agents or shorter iRNA agents herein. "sRNA agent or 
shorter iRNA agent" as used herein, refers to an iRNA agent, e.g., a double stranded RNA agent 
or single strand agent, tiiat is sufficiently short that it does not induce a deleterious interferon 
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response in a human cell, e.g., it has a duplexed region of less than 60 but preferably less than 
50, 40, or 30 nucleotide pairs. The sRNA agent, or a cleavage product thereof, can down 
regulate a target gene, e.g., by inducing RNAi with respect to a target RNA, preferably an 
endogenous or pathogen target RNA. 

5 Each strand of an sRNA agent can be equal to or less than 30, 25, 24, 23, 22, 21, or 20 

nucleotides in length. The strand is preferably at least 19 nucleotides in length. For example, 
each strand can be between 21 and 25 nucleotides in length. Preferred sRNA agents have a 
duplex region of 17, 18, 19, 29, 21, 22, 23, 24, or 25 nucleotide pairs, and one or more 
overhangs, preferably one or two 3' overhangs, of 2-3 nucleotides. 

10 In addition to homology to target RNA and the ability to down regulate a target gene, an 

iRNA agent will preferably have one or more of the following properties: 

(1) it will be of the Formula 1, 2, 3, or 4 set out in the RNA Agent section below; 

(2) if single stranded it will have a 5 ' modification which includes one or more 
phosphate groups or one or more analogs of a phosphate group; 

15 (3) it will, despite modifications, even to a very large number, or all of the nucleosides, 

have an antisense strand that can present bases (or modified bases) in the proper tibree 
dimensional firamework so as to be able to form correct base pairing and form a duplex structure 
with a homologous target RNA which is sufficient to allow down regulation of tiie target, eg., by 
cleavage of the target RNA; 

20 (4) itwill, despite modifications, even to a very large number, or all of the nucleosides, 

still have "RNA-like" properties, i.e., it will possess the overall structural, chemical and physical 
properties of an RNA molecule, even though not exclusively, or even partly, of ribonucleotide- 
based content. For example, an iRNA agent can contain, e.g., a sense and/or an antisense strand 
in which all of the nucleotide sugars contain e.g., T fluoro in place of 2' hydroxyl. This 

25 deoxyribonucleotide-containing agent can still be expected to exhibit RNA-like properties. 
While not wishing to be bound by theory, the electronegative fluorine prefers an axial 
orientation when attached to the C2' position of ribose. This spatial preference of fluorine can, 
in turn, force the sugars to adopt a Cy-endo pucker. This is the same puckering mode as 
observed in RNA molecules and gives rise to the RNA-characteristic A-family-type helix. 

30 Further, since fluorine is a good hydrogen bond acceptor, it can participate in the same hydrogen 

bonding interactions with water molecules that are known to stabilize RNA structures. 
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(Generally, it is preferred fliat a modified moiety at the 2' sugar position wUl be able to enter into 
H-bonding which is more characteristic of the OH moiety of a ribonucleotide than the H moiety 
ofadeoxyribonucleotide. A preferred iRNA agent will: exhibit a Cs-e/irfo pucker in all, or at 
least 50, 75,80, 85, 90, or 95 % of its sugars; exhibit a Cy-endo pucker in a sufficient amount of 
its sugars that it can give rise to a the RNA-characteristic A-family-type helix; will have no more 
than 20, 10, 5, 4, 3, 2, orl sugar which is not a Cy-ettdo pucker structure. These limitations are 
particularly preferably in the antisense strand; 

(5) regardless of the nature of the modification, and even though the RNA agent can 
contain deoxynucleotides or modified deoxynucleotides, particularly in overhang or other single 
strand regions, it is preferred that DNA molecules, or any molecule in which more than 50, 60, 
or 70 % of the nucleotides in the molecule, or more than 50, 60, or 70 % of the nucleotides in a 
duplexed region are deoxyribonucleotides, or modified deoxyribonucleotides which are deoxy at 
the 2' position, are excluded fi-om the definition of RNA agent. 

A "single strand iRNA agent" as used herein, is an lEJNA agent which is made up of a 
single molecule. It may include a duplexed region, formed by intra-strand pairing, e.g., it may 
be, or include, a hairpin or pan-handle structure. Single strand iRNA agents are preferably 
antisense with regard to the target molecule. In preferred embodiments single strand iRNA 
agents are 5' phosphorylated or include a phosphoryl analog at tiie 5' prime terminus. 5'- 
phosphate modifications include those which are compatible with RISC mediated gene silencing. 
Suitable modifications include: 5'-monophosphate ((HO)2(0)P-0-5'); S'-diphosphate 
((HO)2(0)P-0-P(HO)(0)-0-5'); 5'-triphosphate ((HO)2(0)P-0-(HO)(0)P-0-P(HO)(0)-0-5'); 
5'-guanosine cap (7-methylated or non-methylated) (7m-G-0-5'-(HO)(0)P-0-(HO)(0)P-0- 
P(H0)(0)-0-5'); 5'-adenosine cap (Appp), and any modified or unmodified nucleotide cap 
structure (N-O-5'-(H0)(0)P-0-(H0)(0)P-0-P(H0)(0)-O-5'); 5'-monothiophosphate 
(phosphorothioate; (HO)2(S)P-0-5'); 5'-monodithiophosphate (phosphorodithioate; 
(H0)(HS)(S)P-0-5'), 5'-phosphorothiolate ((HO)2(0)P-S-5'); any additional combination of 
oxygen/sulfur replaced monophosphate, diphosphate and triphosphates (e.g. 5'-alpha- 
thiotriphosphate, 5'-gamma-thiotriphosphate, etc.), 5'-phQsphoramidates ((HO)2(0)P-NH-5', 
(HO)(NH2)(0)P-0-5'), 5'-alkylphosphonates (R=alkyl=methyl, ethyl, isopropyl, propyl, etc., e.g. 
RP(0H)(0)-0-5'-, (OH)2(0)P-5'-CH2-), 5'-alkyletherphosphonates 

(R=alkylether=methoxymethyl (MeOCH2-), ethoxymethyl, etc., e.g. RP(OH)(0)-0-5'-). (These 
modifications can also be used with the antisense strand of a double stranded iRNA.) 
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A single strand iKNA agent should be sufficiently long that it can enter the RISC and 
participate in RISC mediated cleavage of a target mRNA. A single strand iRNA agent is at least 
14, and more preferably at least 15, 20, 25, 29, 35, 40, or SQnucleotides in length. It is preferably 
less than 200, 100, or 60 nucleotides in length. 

5 Hairpin iRNA agents will have a duplex region equal to or at least 1 7, 1 8, 1 9, 29, 2 1 , 22, 

23, 24, or 25 nucleotide pairs. The duplex region will preferably be equal to or less than 200, 
100, or 50, in length. Preferred ranges for the duplex region are 15-30, 17 to 23, 19 to 23, and 19 
to 21 nucleotides pairs in length. The hairpin will preferably have a single strand overhang or 
terminal unpaired region, preferably the 3', and preferably of the antisense side of the hairpin. 
10 Preferred overhangs are 2-3 nucleotides in length. 

A "double stranded (ds) iRNA agenf as used herein, is an iRNA agent which includes 
more than one, and preferably two, strands in which interchain hybridization can form a region 
of duplex structure. 

The antisense strand of a double stranded iRNA agent should be equal to or at least, 14, 
15 15, 16 17, 18, 19, 25, 29, 40, or 60 nucleotides in length. It should be equal to or less than 200i 
100, or 50, nucleotides in length. Preferred ranges are 17 to 25, 19 to 23, and 19 to21 
nucleotides in length. 

' The sense strand of a double stranded iRNA agent should be equal to or at least 1 4, 1 5, 
16 17, 1 8, 19, 25, 29, 40, or 60 nucleotides in length. It should be equal to or less than 200, 100, 
20 or 50, nucleotides in length. Preferred ranges are 17 to 25, 19 to 23, and 19 to21 nucleotides in 
length. 

The double strand portion of a double stranded iRNA agent should be equal to or at least, 
14, 15, 16 17, 18, 19, 20, 21, 22, 23, 24, 25, 29, 40, or 60 nucleotide pairs in length. It should be 
equal to or less than 200, 100, or 50, nucleotides pairs in length. Preferred ranges are 15-30, 17 
25 to 23, 19 to 23, and 19 to 21 nucleotides pairs in length. 

In many embodiments, the ds iRNA agent is sufiBciently large that it can be cleaved by an 
endogenous molecule, e.g., by Dicer, to produce smaller ds iRNA agents, e.g., sRNAs agents 

It may be desirable to modify one or both of the antisense and sense strands of a double 
strand iRNA agent, la some cases they will have the same modification or the same class of 
30 modification but in other cases the sense and antisense strand will have diflferent modifications, 
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e.g., in some cases it is desirable to modify only the sense strand. It may be desirable to modify 
only the sense strand, e.g., to inactivate it, e.g., the sense strand can be modified in order to 
inactivate ttie sense strand and prevent formation of an active sKNA/protein or RISC. This can 
be accomplished by a modification which prevents 5'-phosphorylation of the sense strand, e.g., 

5 by modification with a 5'-0-methyl ribonucleotide (see NykSnen et aL, (2001) ATP requirements 
and small interfering RNA structure in the RNA interference pathway. Cell 107, 309-321.) 
Other modifications which prevent phosphorylation can also be used, e.g., simply substituting 
the 5'-0H by H rather than O-Me. Alternatively, a large bulky group may be added to the 5'- 
phosphate turning it into a phosphodiester linkage, though this may be less desirable as 

10 phosphodiesterases can cleave such a linkage and release a functional sRNA 5'-end. Antisense 
strand modifications include 5' phosphorylation as well as any of the other 5' modifications 
discussed herein, particularly the 5' modifications discussed above in the section on single 
stranded iRNA molecules. 

It is preferred that the sense and antisense strands be chosen such that the ds iRNA agent 
15 includes a single strand or unpaired region at one or both ends of the molecule. Thus, a ds iRNA 
agent contains sense and antisense strands, preferable paired to contain an overhang, e.g., one or 
two 5' or 3' overhangs but preferably a 3' overhang of 2-3 nucleotides. Most embodiments 
will have a 3' overhang. Preferred sRNA agents will have single-stranded overhangs, preferably 
3' overhangs, of 1 or preferably 2 or 3 nucleotides in length at each end. The overhangs can be 
20 the result of one strand being longer than the other, or the result of two strands of the same length 
being staggered. 5' ends are preferably phosphorylated. 

Preferred lengths for the duplexed region is between 15 and 30, most preferably 18, 19, 
20, 21, 22, and 23 nucleotides in length, e.g., in the sRNA agent range discussed above. sRNA 
agents can resemble in length and structure the natural Dicer processed products fi-om long 
25 dsRNAs. Embodiments in which the two strands of the sRNA agent are linked, e.g., covalently 
linked are also included. Hairpin, or other single strand structures which provide the required 
double stranded region, and preferably a 3' overhang are also within the invention. 

The isolated iRNA agents described herein, including ds iRNA agents and sRNA agents 
can mediate silencing of a target RNA, e.g., roRNA, e.g., a transcript of a gene that encodes a 
30 protein. For convenience, such mRNA is also referred to herein as mRNA to be silenced. Such 
a gene is also referred to as a target gene. In general, the RNA to be silenced is an endogenous 



28 



wo 2004/090108 



PCTAJS2004/010586 



gene or a pathogen gene. In addition, KNAs other than mRNA, e.g., tRNAs, and viral KNAs, 
can also be targeted. 

As used herein, the phrase "mediates RNAi" refers to the abiUty to silence, in a sequence 
specific maimer, a target RNA. While not wishing to be bound by theory, it is beUeved that 
5 silencing uses the RNAi machinery or process and a guide RNA, e.g., an sRNA agent of 2 1 to 23 
nucleotides. 

As used herein, "specifically hybridizable" and "complementary" are terms which are 
used to indicate a sufficient degree of complementarity such that stable and specific binding 
occurs between a compound of the invention and a target RNA molecule. Specific binding 
1 0 requires a sufficient degree of complementarity to avoid non-specific binding of the oligomeric 
compioimd to non-target sequences imder conditions in which specific binding is desired, z.e., 
under physiological conditions in the case of in vivo assays or therapeutic treatment, or in the 
case of m vitro assays, under conditions in which the assays are performed. The non-target 
sequences typically differ by at least 5 nucleotides. 

1 5 In one embodiment, an iRNA agent is "sufficiently complementary" to a target RNA, 

e.g., a target mRNA, such that the iRNA agent silences production of protein encoded by the 
target mRNA. In anofher embodiment, the iRNA agent is "exactly complementary" (excluding 
the RRMS containing subunit(s))to a target RNA, e.g., the target RNA and the iRNA agent 
anneal, preferably to form a hybrid made exclusively of Watson-Crick basepairs in the region of 

20 exact complementarity. A "sufficiently complementary" target RNA can include an internal 
region (e.g., of at least 10 nucleotides) that is exactly complementary to a target RNA. 
Moreover, in some embodiments, the iRNA agent specifically discriminates a single-nucleotide 
difference. In tibis case, the iRNA agent only mediates RNAi if exact complementary is found in 
the region (e.g., within 7 nucleotides of) the single-nucleotide difference. 

25 As used hereia, the term "oligonucleotide" refers to a nucleic acid molecule (RNA or 

DNA) preferably of length less than 100, 200, 300, or 400 nucleotides. 

RNA agents discussed herein include otherwise immodified RNA as well as RNA which 
have been modified, e.g., to improve efficacy, and polymers of nucleoside surrogates. 
Unmodified RNA refers to a molecule in which the components of the nucleic acid, namely 
30 sugars, bases, and phosphate moieties, are the same or essentially the same as that which occur in 
nature, preferably as occur naturally in the human body. The art has referred to rare or unusual, 
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but naturally occurring, RNAs as modified RNAs, see, e.g., Limbach et al, (1994) Summary: 
the modified nucleosides ofRNA, Nucleic Acids Res. 22:2183-2196. Such rare or unusual 
RNAs, often termed modified RNAs (apparently because the are typically the result of a post 
transcriptionally modification) are within the term unmodified RNA, as used herein. Modified 
5 RNA as used herein refers to a molecule in which one or more of the components of the nucleic 
acid, namely sugars, bases, and phosphate moieties, are different fiom that which occur in 
nature, preferably different from that which occurs in the human body. While they are referred 
to as modified "RNAs," they will of course, because of the modification, include molecules 
which are not RNAs. Nucleoside surrogates are molecules in which the ribophosphate backbone 
10 is replaced with a non-ribophosphate construct that allows the bases to the presented in the 

correct spatial relationship such that hybridization is substantially similar to what is seen with a 
ribophosphate backbone, e.g., non-charged mimics of the ribophosphate backbone. Examples of 
all of the aboye are discussed herein. 

Much of the discussion below refers to single strand molecules. In many embodiments of 
15 title invention a double sfaranded iRNA agent, e.g., a partially double stranded iRNA agent, is 
required or preferred. Thus, it is understood that that double stranded structures {e.g. where two 
separate molecules are contacted to form the double stranded region or where the double 
stranded region is formed by intramolecular pairing {e.g., a hairpin structure)) made of the single 
stranded structures described below are within the invention. Preferred lengths are described 
20 elsewhere herein. 

As nucleic acids are polymers of subunits or monomers, many of the modifications 
described below occur at a position which is repeated within a nucleic acid, e.g., a modification 
of a base, or a phosphate moiety, or the a non-linking O of a phosphate moiety. In some cases 
the modification will occur at all of the subject positions in the nucleic acid but in many, and 

25 infact in most cases it will not. By way of example, a modification may only occur at a 3 ' or 5' 
temiinal position, may only occur in a terminal regions, e.g. at a position on a terminal 
nucleotide or in the last 2, 3, 4, 5, or 10 nucleotides of a strand. A modification may occur in a 
double strand region, a single strand region, or in both. A modification may occur only in the 
double strand region of an RNA or may only occur in a single strand region of an RNA. E.g., a 

30 phosphorothioate modification at a non-linking O position may only occur at one or both tennini, 
may only occur in a tenninal regions, e.g., at a position on a terminal nucleotide or in the last 2, 
3, 4, 5, or 10 nucleotides of a strand, or may occur in double strand and single strand regions, 
particularly at termini. The 5* aid or ends can be phosphorylated. 
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In some embodiments it is particularly preferred, e.g., to enhance stability, to include 
particular bases in overfiangs, or to include modified nucleotides or nucleotide surrogates, in 
single strand overhangs, e.g., in a 5' or 3' overhang, or in both. E.g., it can be desirable to 
include purine nucleotides in overhangs. In some embodiments all or some of the bases in a 3' 
5 or 5' overhang will be modified, e.g., with a modification described herein. Modifications can 
include, e.g., the use of modifications at the 2' OH group of the ribose sugar, e.g., the use of 
deoxyribonucleotides, e.g., deoxythymidine, instead of ribonucleotides, and modifications in the 
phosphate group, e.g.y phosphothioate modifications. Overhangs need not be homologous with 
the tdrget sequence. 

1 0 Modifications and nucleotide surrogates are discussed below. 



The scaffold presented above in Formula 1 represents a portion of a ribonucleic acid. 
1 5 The basic components are the ribose sugar, the base, the terminal phosphates, and phosphate 
intemucleotide linkers. Where the bases are naturally occurring bases, e.g., adenine, uracil. 




FORMULA 1 
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guanine or cytosine, the sugars are the unmodified 2' hydroxyl ribose sugar (as depicted) and W, 
X, Y, and Z are all O, Formula 1 represents a naturally occurring unmodified 
oligoribonucleotide. 

Unmodified oligoribonucleotides may be less than optimal in some applications, e.g., 
5 unmodified oligoribonucleotides can be prone to degradation by e.g., cellular nucleases. 

Nucleases can hydrolyze nucleic acid phosphodiester bonds. However, chemical modifications 
to one or more of the above RNA components can confer inq>roved properties, and, e.g,, can 
render oligoribonucleotides more stable to nucleases. Umodified oligoribonucleotides may also 
be less than optimal in terms of offering tethering points for attaching ligands or other moieties 
10 to an iRNA agent. 

Modified nucleic acids and nucleotide surrogates can include one or more of: 

(i) alteration, e.g., replacement, of one or both of the non-linking (X and Y) phosphate 
oxygens and/or of one or more of the linking (W and Z) pho^hate oxygens (When the phosphate 
is in the terminal position, one of the positions W or Z will not link the phosphate to an 

1 5 additional element in a naturally occmring ribonucleic acid. However, for simplicity of 

terminology, except where otherwise noted, the W position at the 5' aid of a nucleic acid and the 
terminal Z position at the 3 ' end of a nucleic acid, are within the term "linking phosphate 
oxygens" as used herein.); 

(ii) alteration, e.g., replacement, of a constituent of the ribose sugar, e.g., of the 2' 

20 hydroxyl on the ribose sugar, or wholesale replacement of the ribose sugar with a structure othCT 
than ribose, e.g., as described herein; 

(iii) wholesale replacement of the phosphate moiety (bracket I) with "dephospho" linkers; 

(iv) modification or replacement of a naturally occurring base; 

(v) replacement or modification of the libose-phosphate backbone (bracket H); 

25 (vi) modification of the 3 ' end or 5 ' end of the KNA, e.g., removal, modification or 

replacement of a terminal phosphate group or conjugation of a moiety, e.g. a fluorescently 
labeled moiety, to either the 3' or 5' end of RNA. 

The terms replacement, modification, alteration, and the like, as used in this context, do 
not imply any process limitation, e.g., modification does not mean diat one must start with a 
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reference or naturally occurring ribonucleic acid and modify it to produce a modified ribonucleic 
acid bur rather modified simply indicates a difference fi-om a naturally occurring molecule. 

It is understood that the actual electronic structure of some chemical entities cannot be 
adequately represented by only one canonical form (i.e. Lewis structure). While not wishing to 
5 be bound by theory, the actual structure can instead be some hybrid or weighted average of two 
or more canonical forms, known collectively as resonance forms or structures. Resonance 
structures are not discrete chemical entities and exist only on paper. They differ fixmi one 
another only in the placement or "localization" of the bonding and nonbonding electrons for a 
particular chemical entity. It can be possible for one resonance structure to contribute to a 
1 0 greater extent to the hybrid than the others. Thus, the written and graphical descriptions of the 
embodiments of the present invention are made in terms of what the art recognizes as the 
predominaiit resonance form for a particular species. For example, any phosphoroamidate 
(replacement of a nonlinking oxygen with nitrogen) would be represented by X = O and Y = N 
in the above figure. 

1 5 Specific modifications are discussed in more detail below. 

The Phosphate Group 

The phosphate group is a negatively charged species. The charge is distributed equally 
over the two non-linking oxygen atoms (i.e., X and Y in Formula 1 above). However, the 
phosphate group can be modified by replacing one of the oxygens with a different substituent. 
20 One result of this modification to RNA phosphate backbones can be increased resistance of the 
oligoribonucleotide to nucleolytic breakdown. Thus while not wishing to be bound by theory^ it 
can be desirable in some embodiments to introduce alterations which result in either an 
uncharged linker or a charged Imker with imsymmetriced charge distribution. 

Examples of modified phosphate groups include phosfphorothioate, phosphoroselenates, 
25 borano phosphates, borano phosphate esters, hydrogen phosphonates, phosphoroamidates, alkyl 
or aryl phosphonates and phosphotriesters. Phosphorodithioates have both non-linking oxygens 
replaced by sulfur. Unlike the situation where only one of X or Y is altered, the phosphorus 
center in the phosphorodithioates is achiral which precludes the formation of 
oligoribonucleotides diastereomers. Diastereomer formation can result in a preparation in which 
30 the individual diastereomers exhibit varying resistance to nucleases. Further, the hybridization 
affinity of KNA contaiiung chiral phosphate groups can be lower relative to the corresponding 
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unmodified RNA species. Thiis, while not wishing to be bound by theory, modifications to both 
X and Y which eliminate tibe chiral center, e.g, phosphorodithioate formation, may be desirable 
in that they cannot produce diastereomer mixtures. Thus, X can be any one of S, Se, B, C, H, N, 
or OR (R is aUcyl or aryl). Thus Y can be any one of S, Se, B, C, H, N, or OR (R is alkyl or 
5 aryl). Replacement of X and/or Y with sulfiir is preferred. 

The phosphate linker can also be modified by replacement of a linking oxygen W or 
Z in Formula 1) with nitrogen (bridged phosphoroamidates), sulfiu: (bridged phosphorothioates) 
and carbon (bridged methylenephosphonates). The replacement can occur at a terminal oxygen 
(position W (3') or position Z (5'). Replacement of W with carbon or Z with nitrogen is 
10 preferred. 

Candidate agents can be evaluated for suitability as described below. 
The Sugar Group 

A modified RNA can include modification of all or some of the sugar groups of the 
ribonucleic acid. E.g., the 2' hydroxyl group (OH) can be modified or replaced with a number of 
15 different "oxy" or "deoxy" substituents. While not being bound by theory, enhanced stability is 
expected since the hydroxyl can no longer be deprotonated to form a 2' alkoxide ion. The 2' 
alkoxide can catalyze degradation by intramolecular nucleophiUc attack on the linker phosphorus 
atom. Again, while not wishing to be bound by theory, it can be desirable to some embodiments 
to introduce alterations in which alkoxide formation at the 2' position is not possible. 

20 Examples of "oxy"-2' hydroxyl group modifications include alkoxy or aryloxy (OR, e.g., 

R = H, aUcyl, cycloalkyl, aryl, aralkyl, heteroaryl or sugar); polyethyleneglycols (PEG), 
0(CH2CH20)„CH2CH20R; "locked" nucleic acids (LNA) in which the 2' hydroxyl is connected, 
e.g., by a methylene bridge, to the 4' carbon of the same ribose sugar; O- AMINE (AMINE = 
NH2; alkylamino, dialkylamino, heterocyclyl, arylamino, diaryl amino, heteroaryl amino, or 

25 diheteroaryl amino, ethylene diamine, polyamino) and aminoalkoxy, 0(CH2)nAMINE, {e.g., 
AMINE =NH2; alkylamino, dialkylamino, heterocyclyl, arylamino, diaryl amino, heteroaryl 
amino, or diheteroaryl amino, ethylene diamine, polyamino). It is noteworthy that 
oHgonucleotides containing only the methoxyethyl group (MOE), (OCH2CH2OCH3, a PEG 
derivative), exhibit nuclease stabilities comparable to those modified with the robust 

30 phosphorothioate modification. 
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"Deoxy" modifications include hydrogen (i.e. deoxyribose sugars, which are of particular 
relevance to the overhang portions of partially ds KNA); halo (e.g., fluoro); anuno (e.g. 1SIH2; 
alkylamino, dialkylamino, heterocyclyl, arylamino, diaiyl amino, heteroaiyl amino, diheteroaryl 
amino, or amino acid); NH(CH2CH2NH)„CH2CH2-AMINE (AMINE = NH2; alkylamino, 
5 dialkylamino, heterocyclyl, arylamino, diaryl amino, heteroaryl amino,or diheteroaryl amino), - 
NHC(0)R (R = alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or sugar), cyano; mercapto; alkyl-thio- 
alkyl; thioalkoxy; and alkyl, cycloalkyl, aryl, alkenyl and alkynyl, which maybe optionally 
substituted witb e.g., an amino functionality. Preferred substitutents are 2'-methoxyethyI, 2'- 
0CH3, 2'-0-allyl, 2'-C- allyl, and 2'-fluoro. 

10 The sugar group can also contain one or more carbons that possess the opposite 

stereochemical configuration than that of the corresponding carbon in ribose. Thus, a modified 
KNA can include nucleotides containing e.g., arabinose, as the sugar. 

Modified RNAs can also include "abasic" sugars, which lack a nucleobase at C-l'. These 
abasic sugars can also be furtiier contain modifications at one or more of the constituent sugar 
15 atoms. 

To maximize nuclease resistance, the 2' modifications can be used in combination with 
one or more phosphate linker modifications (e.g., phosphorothioate). The so-called "chimeric" 
oUgonucleotides are those that contain two or more different modifications. 

The modificaton can also entail the wholesale replacement of a libose stmcture with ' 
20 another entity at one or more sites in the iRNA agent. These modifications are described in 
section entitled Ribose Replacements for RRMSs. 

Candidate modifications can be evaluated as described below. 

Replacement of the Phosphate Group 

The phosphate group can be replaced by non-phosphorus containing connectors (cf. 
25 Bracket I in Formula 1 above). While not wishing to be bound by theory, it is believed that since 
the charged phosphodiester group is the reaction cento: in nucleolytic degradation, its 
replacement with neutral structural mimics should impart enhanced nuclease stability. Again, 
while not wishing to be bound by theory, it can be desirable, in some embodiment, to introduce 
alterations in which the charged phosphate group is replaced by a neutral moiety. 



35 



wo 2004/090108 



PCTAJS2004/010586 



Examples of moieties which can replace the phosphate group include siloxane, carbonate, 
carboxymethyl, carbamate, amide, thioether, ethylene oxide linker, sulfonate, sulfonariiide, 
thiofoimacetal, formacetal, oxime, methyleneimino, methylenemethyliraino, methylenehydrazo, 
methylenedimethylhydrazo and methyleneoxymethylimino. Preferred replacements include the 
5 methylenecarbonylamino and methylenemethylimino groups. 

Candidate modifications can be evaluated as described below. 

Replacement of Ribophosphate Backbone 

Oligonucleotide- mimicking scaffolds can also be constructed wherein the phosphate 
linker and ribose sugar are replaced by nuclease resistant nucleoside or nucleotide surrogates 
10 (see Bracket n of Formula 1 above). While not wishing to be bound by theory, it is believed that 
the absence of a repetitively charged backbone diminishes binding to proteins that recognize 
polyanions (e.g. nucleases). Again, while not wishing to be bound by theory, it can be desirable 
in some embodiment, to introduce alterations in which the bases are tethered by a neutral 
surrogate backbone. 

15 Examples include the mophilino, cyclobutyl, pyrrolidine and peptide nucleic acid (PNA) 

nucleoside surrogates. A preferred surrogate is a PNA surrogate. 

Candidate modifications can be evaluated as described below. 

Terminal Modifications 

The 3' and 5' ends of an oligonucleotide can be modified. Such modifications can be at 

20 the 3' end, 5' end or both ends of the molecule. They can include modification or replacement of 

an entire terminal phosphate or of one or more of the atoms of the phosphate group. E.g., the 3' 

and 5' ends of an ohgonucleotide can be conjugated to other functional molecular entities such as 

labeling moieties, e.g., fluorophores (e.g., pyrene, TAMRA, fluorescein, Cy3 or Cy5 dyes) or 

protecting groups (based e.g., on sulfur, silicon, boron or ester). The fimctional molecular 

25 entities can be attached to the sugar through a phosphate group and/or a spacer. The terminal 

atom of the spacer can connect to or replace the linking atom of the phosphate group or the C-3' 

or C-5' O, N, S or C group of the sugar. Alternatively, the spacer can connect to or replace the 

terminal atom of a nucleotide surrogate ie.g., PNAs). These spacers or linkers can include e.g., - 

(CH2)n-, -(CH2)nN-, -(CH2)nO-, -(CH2)„S-, 0(CH2CH20)„CH2CH20H {e.g., n = 3 or 6), abasic 

30 sugars, amide, carboxy, amine, oxyamine, oxyimine, thioether, disulfide, thiourea, sulfonamide, 
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or moipholino, or biotm and fluorescein reagents. "When a spacer/phosphate-functional 
molecular entity-spacer/phosphate array is interposed between two strands of iRNA agents, this 
array can substitute for a hairpin RNA loop in a hairpin-type RNA agent. The 3' end can be an - 
OH group. While not wishing to be bound by theory, it is believed that conjugation of certain 
moieties can improve transport, hybridization, and specificity properties. Again, while not 
wishing to be bound by theory, it may be desirable to introduce terminal alterations that improve 
nuclease resistance. Other examples of terminal modifications include dyes, intercalating agents 
{e.g. acridines), cross-linkers (e.g. psoralene, mitomycin C), porphyrins (TPPC4, texaphyrin, 
Sapphyrin), polycyclic aromatic hydrocarbons (e.g., phenazine, dihydrophenazine), artificial 
endonucleases (e.g. EDTA), lipophilic carriers (e.g., cholesterol, cholic acid, adamantane acetic 
acid, 1-pyrene butyric acid, dihydrotestostercne, l,3-Bis-0(hexadecyl)glycerol, geranyloxyhexyl 
group, hexadecylglycerol, bomeol, menthol, 1,3-propanediol, heptadecyl group, palmitic acid, 
myristic acid,03-(oleoyl)lithocholic acid, 03-(oleoyl)cholenic acid, dimethoxytrityl, or 
phenoxazine)and peptide conjugates (e.g., antennapedia peptide, Tat peptide), alkylating agents, 
phosphate, arnino, mercapto, PEG (e.g., PEG-40K), MPEG, [MPEG]2, polyamino, alkyl, 
substituted alkyl, radiolabeled markers, enzymes, haptens (e.g. biotin), transport/absorption 
facilitators (e.g., aspirin, vitamin E, folic acid), synthetic ribonucleases (e.g., unidazole, 
bisimidazole, histamine, imidazole clusters, acridine-imidazole conjugates, Eu3+ complexes of 
tetraazamacrocycles). 

Terminal modifications can be added for a number of reasons, including as discussed 
elsewhere herein to modulate activity or to modulate resistance to degradation- Terminal 
modifications usefiil for modulating activity include modification of the S' end with phosphate or 
phosphate analogs. E.g., in preferred embodiments iRNA agents, especially antisense strands, 
are 5' phosphorylated or include a phosphoryl analog at the 5' prime terminus. S'-phosphate 
modifications include those which are compatible with RISC mediated gene silencing. Suitable 
modifications mclude: 5'-monophosphate ((H0)2(0)P-0-5'); 5'-diphosphate ((B[0)2(0)P-0- 
P(H0)(0)-0-5'); 5'-triphbsphate ((H0)2(0)P-0-(H0)(0)P-0-P(H0)(0)-0-5'); 5'-guanosine cap 
(7-methylated or non-methylated) (7m-G-0-5'-(H0)(0)P-O-(H0)(0)P-0-P(H0)(O)-0-5'); 5'- 
adenosine cap (Appp), and any modified or unmodified nucleotide cap structure (N-O-5'- 
(H0)(0)P-0-(H0)(0)P-0-P(H0)(0)-0-5'); 5'-monothiophosphate (phosphorothioate; 
(HO)2(S)P-0-5'); 5'-monodithiophosphate (phosphorodithioate; (HOXHS)(S)P-0-5'), 5'- 
phosphorothiolate ((HO)2(0)P-S-5'); any additional combination of oxgen/sulfiir replaced 
monophoq>hate, diphosphate and triphosphates (e.g. 5'-alpha-thiotriphosphate, 5'-gamma- 
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thiotriphosphate, etc.), 5'-phosphoramidates ((HO)2(0)P-NH-5', (HO)(NH2)(0)P-0-5'), 5'- 
alkylphosphonates (R=alkyl=methyl, ethyl, isopropyl, propyl, etc., e.g. RP(0H)(0)-0-5'-, 
(OH)2(0)P-5'-CH2-), S'-alkyletherphosphonates (R=alkylether=methoxymeth34 (MeOCH2-), 
ethoxymethyl, etc., e.g. RP(0H)(0)-0-5'-). 

Terminal modifications can also be useful for monitoring distribution, and in such cases 
the preferred groups to be added include fluorophores, e.g., fluorscein or an Alexa dye, e.g., 
Alexa 488. Terminal modifications can also be useful for enhancing uptake, useful 
modifications for this include cholesterol. Terminal modifications can also be useful for cross- 
linking an RNA agent to another moiety; modifications useful for this include mitomycin C. 

Candidate modifications can be evaluated as described below. 

The Bases 

Adenine, guanine, cytosine and uracil are the most common bases found in RNA. These 
bases can be modified or replaced to provide RNA's having improved properties. E.g., nuclease 
resistant oligoribonucleotides can be prepared witii these bases or with synthetic and natural 
nucleobases (e.g., inosine, thymine, xanthine, hypoxanthine, nubularine, isoguanisine, or 
tubercidine) and any one of the above modifications. Alternatively, substituted or modified 
analogs of any of the above bases, e.g., "unusual bases" and "universal bases," can be employed. 
Examples include without limitation 2-aminpadenine, 6-methyl and other alkyi derivatives of 
adenine and guanine, 2-propyl and other alkyl derivatives of adenine and guanine, 5-halouracil 
and cytosine, 5-propynyl uracil and cytosine, 6-azo uracil, cytosine and thymine, 5-iu:acil 
(pseudouracil),.4-thiouracil, 5-halouracil, 5-(2-aminopropyl)uracil, 5-amino allyl uracil, 8-halo, 
amino, thiol, thioalkyl, hydroxyl and other 8-substituted adenines and guanines, 5- 
trifluoromethyl and other 5-substituted uracils and cytosines, 7-methylguanine, 5-substituted 
pyrimidines, 6-azapyrimidines and N-2, N-6 and 6-6 substituted purines, including 2- 
aminopropyladenine, 5-propynyluracil and 5-propynylcytosine, dihydrouracil, S-deaza-S- 
azacytosine, 2-aminopurine, 5-alkyluracil, 7-alkylguanine, 5-alkyl cytosine,7-deazaadenine, N6, 
N6-dimethyladenine, 2,6-diaminopurine, 5-andbao-allyl-uracil, N3-methyluracil, substituted 
1,2,4-triazoles, 2-pyridinone, 5-nitroindole, 3-nitropyrrole, 5-methoxyuracil, uracil-5-oxyacetic 
acid, 5-methoxycarbonyknethyluracil, 5-methyl-2-thiouracil, 5-methoxycarbonylmethyl-2- 
thiouracil, 5-methylaminomethyl-2-thiouracil, 3-(3-amino-3carboxypropyl)uracil, 3- 
methylcjrtosine, 5-methylcytosine, N^-acetyl cytosine, 2-thiocytosine, N6-methyladenine, N6- 
isopentyladenine, 2-methylthio-N6-isopentenyladenine, N-methylguanines, or 0-alkylated bases. 
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Further purines and pyrimidines include those disclosed in U.S. Pat. No. 3,687,808, those 
disclosed m the Concise Encyclopedia Of Polymer Science And Engineering, pagel 858-859, 
Kroschwitz. J. L, ed. John Wiley & Sons, 1990, and those disclosed by Englisch g^a/., 
Angewandte Chemie, International Edition, 1991, 30, 613. 

5 Generally, base changes are less preferred for promoting stability, but they can be useful 

for other reasons, e.g., some. e.g., 2,6-diaminopurine and 2 amino purine, are fluorescent. 
Modified bases can reduce target specificity. This should be taken into consideration in the 
design of iRNA agents. 

Candidate modifications can be evaluated as described below. 
' Evaluation of Candidatft 1?>JA 'q 

One can evaluate a candidate RNA agent, e.g., a modified RNA, for a selected property 
by exposing the agent or modified molecule and a control molecule to the appropriate conditions 
and evaluating for the presence ofthe selected property. For example, resistance to a degmdent ■ 
can be evaluated as follows. A candidate modified RNA (and preferably a control molecule, 
usuaUy the umnodified form) can be exposed to degradative conditions, e.g., exposed to a miUeu, 
whichincludesadegradativeagent,e^.,anuclease. ^.ff., one can use a biological sample, eg., ' 
one that is shnilar to a milieu, which might be encountered, in therapeutic use, e.g., blood br a ' 
cellular firaction, e.g., a cell-free homogenate or dismpted ceUs. The candidate and control could 
then be evaluated for resistance to degradation by any of a number of approaches. For example, 
the candidate and control could be labeled, preferably prior to exposure, with, e.g., a radioactive 
or enzymatic label, or a fluorescent label, such as Cy3 or CyS. Control and modified RNA's can 
be incubated with the degradative agent, and optionally a control, e.g., an inactivated, e.g., heat 
inactivated, degradative agent. A physical parameter, e.g., size, ofthe modified and control 
molecules are then determined. They can be detennined by a physical method, e.g., by 
polyacrylamide gel electrophoresis or a sizing column, to assess whether the molecule has 
maintained its original length, or assessed fimctionally. Alternatively. Northern blot analysis can 
be used to assay the length of an unlabeled modified molecule. 

A fimctional assay can also be used to evaluate the candidate agent. A functional assay 
can be applied initiaUy or after an earher non-fimctional assay, (e.g., assay for resistance to 
degradation) to determine if the modification alters the ability ofthe molecule to silence gene 
expression. For example, a cell, eg., a mammalian cell, such as a mouse or human cell, can be 
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co-transfected with a plasmid expressing a fluorescent protein, e.g., GFP, and a candidate KNA 
agent homologous to the transcript encoding the fluorescent protein (see, e.g., WO 00/44914). 
For example, a modified dsRNA homologous to the GFP mRNA can be assayed for the abihty to 
inhibit GFP expression by monitoring for a decrease in cell fluorescence, as compared to a 
5 control cell, in which the transfection did not include the candidate dsRNA, e.g., controls with no 
agent added and/or controls with a non-modified KNA added. Efficacy of the candidate agent on 
gene expression can be assessed by comparing cell fluorescence in the presence of the modified 
and immodified dsKNA agents. 

In an alternative fimctional assay, a candidate dsKNA agent homologous to an 
10 endogenous mouse gene, preferably a maternally expressed gene, such as c-mos, can be injected 
into an immature mouse oocyte to assess the ability of the agent to inhibit gene expression in 
VIVO (see, e.g., WO 01/36646). A phenotype of the oocyte, e.^., the ability to maintain arrest in 
metaphase II,' can be monitored as an indicator that the agent is inhibiting expression. For 
example, cleavage of c-mos mRNA by a dsRNA agent would cause the oocyte to exit metaphase 
15 arrest and initiate parthenogenetic development (Colledge et al. Nature 370: 65-68, 1994; 
Hashimoto et al. Nature, 370:68-71, 1994). The effect of the modified agent on target RNA 
levels can be verified by Northern blot to assay for a decrease in the level of target mRNA, or by 
Western blot to assay for a decrease in the level of target protein, as compared to a negative 
control. Controls can include cells in which with no agent is added and/or cells in which a non- 
20 modified RNA is added. 



General References 

The ohgoribonucleotides and oligoribonucleosides used in accordance with this invention 
may be with solid phase synthesis, see for example "Oligonucleotide synthesis, a practical 

25 approach", Ed. M. J. Gait, IRL Press, 1 984; "Oligonucleotides and Analogues, A Practical 
Approach", Ed. F. Eckstein, IRL Press, 1991 (especially Ch^ter 1, Modem machme-aided 
methods of ohgodeoxyribonucleotide synthesis. Chapter 2, Oligoribonucleotide synthesis. 
Chapter 3, 2-0— Methyloligoribonucleotide- s: synthesis and applications. Chapter 4, 
Phosphorothioate oligonucleotides. Chapter 5, Synthesis of oligonucleotide phosphorodithioates, 

30 Chapter 6, Synthesis of oligo-2'-deoxyribonucleoside methylphosphonates, and. Chapter 7, 
Oligodeoxynucleotides containing modified bases. Other particularly usefiil synthetic 
procedures, reagents, blocking groups and reaction conditions are described in Martin, P., Helv. 
40 
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Chim. Acta, 1995, 78, 486-504; Beaucage, S. L. and Iyer, R. P., Tetrahedron, 1992, 48, 2223- 
2311 and Beaucage, S. L. and Iyer, R. P.. Tetrahedron, 1993. 49, 6123-6194. or references 
refeixed to therem. 



herein. 



Modification described in WO 00/44895, WOOl/75164, or WO02/44321 can be used 



The disclosure of all publications, patents, and published patent appUcations listed herein 
are hereby incorporated by reference. 

Phosphate fim up References 

The. preparation of phosphinate oligoribonucleotides is described in U.S. Pat. No. 
5,508,270. The preparation of alkyl phosphonate oligoribonucleotides is described in U.S. Pat. 
No. 4,469,863. The preparation of phosphoramidite oligoribonucleotides is described in U.S. 
Pat. No. 5,256,775 or US. Pat No. 5,366,878. The preparation of phosphotriester 
oligoribonucleotides is described in U.S. Pat. No. 5,023,243. The preparation of borano 
phosphate oligoribonucleotide is described in U.S. Pat. Nos. 5,130,302 and 5,177,198. The 
preparation of 3'-Deoxy-3'-aniino phosphoramidate oligoribonucleotides is described in U.S. Pat. 
No. 5,476,925. 3'-Deoxy-3'-methylenephosphonate oligoribonucleotides is described in An, H, 
etalj. Org. CAem. 2001, 55, 2789-2801. Preparation ofsulfiir bridged nucleotides is described 
in Sproat et al Nucleosides Nucleotides 1988. 7,651 and Crosstick et al. Tetrahedron Lett. 1989, 
30,4693. 

Sugar Group Jl'&farmr^ 

Modifications to the 2' modifications can be found in Verma, S. et al. Annu. Rev. 
Biochem. 1998, 67, 99-134 and aU references therein. Specific modifications to the ribose can be 
found in the following references: 2'-fluoro (Kawasaki et. al., /. Med. Chem., 1993, 36, 831- 
841), 2'-M0E (Martin, P. Helv. Chim. Acta 1996, 79, 1930-1938), "LNA" (Wengel, J. Acc. 
Chem. Res. 1999, 32, 301-310). 

Replacement of t he Phosp hate Group Refermr-ftg 

Methylenemethylimino hnked oUgoribonucleosides, also identified herein as MMI linked 
ohgoribonucleosides. methylenedimethylhydrazo linked oUgoribonucleosides, also identified 
herein as MDH Imked ohgoribonucleosides, and methylenecaibonylamino linked 



41 



wo 2004/090108 



PCTAJS2004/010586 



oligonucleosides, also identified herein as amide-3 linked oUgoribonucleosides, and 
methyleneaminocarbonyl linked oligonucleosides, also identified herein as amide-4 linked 
oUgoribonucleosides as well as mixed backbone compounds having, as for instance, alternating 
MMI and PO or PS linkages can be prepared as is described in U.S. Pat. Nos. 5,378,825, 
5,386,023, 5,489,677 and in published PCT q)pUcations PCT/US92/04294 and 
PCT/US92/04305 (published as WO 92/20822 WO and 92/20823, respectively). Formacetal and 
thioformacetal linked oUgoribonucleosides can be prepared as is described in U.S. Pat. Nos. 
5,264,562 and 5,264,564. Ethylene oxide linked oUgoribonucleosides can be prepared as is 
described in U.S. Pat. No. 5,223,618. Siloxane replacements are described in Connier,J.F. et al. 
Nucleic Acids Res. 1988, 16, 4583. Carbonate replacements are described in Tittensor, J.R. J. 
Chem. Soc. C 1971, 1933. Carboxymethyl replacements are described ia Edge, M.D. et al. J. 
Chem. Soc. PerMn Trans. 1 1972, 1991. Carbamate replacements are described in Stirchak, E.P. 
Nucleic Acids Res. 1989, 17, 6129. 

Replacemen t of the Phosphate-Ribose Backbone References 

Cyclobutyl sugar surrogate compounds can be prepared as is described in U.S. Pat. No. 
5,359,044. PyrroUdine sugar surrogate can be prepared as is described in U.S. Pat. No. 
5,519,134. Moiphohno sugar surrogates can be prepared as is described in U.S. Pat. Nos. 
5,142,047 and 5,235,033, and other related patent disclosures. Peptide Nucleic Acids (PNAs) are 
known per se and can be prepared in accordance with any of the various procedures referred to in 
Peptide Nucleic Acids (PNA): Synthesis, Properties and Potential AppUcations, Bioorganic & 
Medicinal Chemistry, 1996, 4, 5-23. They may also be prepared in accordance with U.S. Pat. No. 
5,539.083. 

Terminal Modification References 

Terminal modifications are described in Manoharan, M. et al Antisense and Nucleic Add 
Drug Development 12, 103-128 (2002) and references therein. 

Bases References 

N-2 substitued purine nucleoside amidites can be prepared as is described in U.S. Pat. 
No. 5,459,255. 3-Deaza purine nucleoside amidites can be prepared as is described in U.S. Pat. 
No. 5,457,191. 5,6-Substituted pyrimidine nucleoside amidites can be prepared as is described in 
U.S. Pat. No. 5,614,617. 5-Propynyl pyrimidine nucleoside amidites can be prepared as is 
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described in U.S. Pat. No. 5,484,908." Additional references can be disclosed in the above 
section on base modifications. 

Preferred iRNA Agents 

Preferred RNA agents have the following structure (see Formula 2 below): 




FORMULA 2 

Referring to Formula 2 above, R', R^, and R' are each, independently, H, (i.e. abasic 
nucleotides), adenine, guanine, cytosine and uracil, inosine, thymine, xanthine, hypoxanthine, 
nubularine, tubercidine, isoguanisine, 2-aminoadenine, 6-raethyl and other alkyl derivatives of 
adenine and guanine, 2-propyl and other alkyl derivatives of adenine and guanine, 5-halouracil 
and cjftosine, 5-propynyl uracil and cytosine, 6-azo uracil, cytosine and thymine, 5-uracil 
(pseudouracil), 4-thiouracil, S-halouracil, 5-(2-aminopropyl)uracil, 5-amino allyl uracil, 8-halo, 
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amino, thiol, thioalkyl, hydroxyl and other 8-substituted adenines and guanines, 5- 
trifluoromethyl and other 5-substituted uracils and cytosines, 7-methylguanine, 5-substituted 
pyrimidines, 6-az^yrimidines and N-2, N-6 and 0-6 substituted purines, including 2- 
aminopropyladenine, 5-propynyluracil and 5-propynylcytosine, dihydrouracil, 3-deaza-5- 
azacytosine, 2-aminopurine, 5-alkyluracil, 7-alkylguanine, 5-alkyl cytosine,7-deazaadenine, 7- 
deazaguanine, N6, N6-dimethyladenine, 2,6-diaminopurine, 5-amino-allyl-uracil, N3- 
methyluracil, substituted 1,2,4-triazoles, 2-pyridinone, S-nitroindole, 3-mtropyrrole, 5- 
methoxyuracil, uracil-5-oxyacetic acid, 5-methoxycarbonybxiethyluracil, 5-methyl-2-thiouracil, 
5-mettioxycarbonylmethyl-2-thiouracil, 5-niethylaminomethyl-2-thiouracil, 3-(3-ainino- 
3carboxypropyl)uracil, 3-methylcytosine, 5-methylcytosine, N^-acetyl cytosine, 2-thiocytosine, 
N6-methyladenine, N6-isopentyladenine, 2-methyIthio-N6-isopentenyladenine, N- 
methylguanines, or 0-alkylated bases. 

R^ and R* are each, independently, OR*, 0(CH2CH20)mCH2CH20R''; 0(CH2)„R'; 
0(CH2)nOR^ H; halo; NH2; NHR*; N(R*)2;NH(CH2CH2NH),x,CH2CH2NHR^; NHC(0)R^; ; 
cyano; mercapto, SR*; aUcyl-thio-alkyl; alkyl, aralkyl, cycloaJkyl, aryl, heteroaryl, alkenyl, 
alkynyl, each of which may be optionally substituted with halo, hydroxy, 0x0, nitro, haloalkyl, 
alkyl, alkaryl, aryl, aralkyl, aDcoxy, aryloxy, amino, alkylamino, diaUcylamino, heterocyclyl, 
arylamino, diaryl amino, heteroaryl amino, diheteroaryl amino, acylamino, alkylcarbamoyl, 
arylcarbamoyl, aminoalkyl, alkoxycarbonyl, carboxy, hydroxyalkyl, alkanesulfonyl, 
alkanesulfonamido, arenesulfonamido, aralkylsulfonamido, aUcylcarbonyl, acyloxy, cyano, or 
lureido; or R'*, R^, or R^ togetiier combine with R' to form an [-O-CH2-] covalently bound bridge 
between the sugar 2' and 4' carbons. 



44 



wo 2004/090108 



PCTAJS2004/010586 



A' is: 




; H; OH; OCH3; W'; an abasic nucleotide; or absent; 

(a preferred Al , especially with regard to anti-sense strands, is chosen from 5'- 
monophosphate ((HO)2(0)P-0-5'), 5 '-diphosphate ((HO)2(0)P-0-P(HO)(O)-O-5'), 5'- 
triphosphate ((HO)2(0)P-0-(HO)(0)P-0-P(HO)(0>0-5'), 5'-guanosine cap (7-methylated or 
non-methylated) (7m-G-0-5'-(HO)(0)P-0-(HO)(0)P-0-P(HO)(0)-0-5'), 5'-adenosine cap 
(Appp), and any modified or unmodified nucleotide cap structure (N-0-5'-(HO)(0)P-C)- 
(H0)(0)P-0-P(H0)(0)-0-5'), 5'-monothiophosphate(phosphorothioate; (HO)2(S)P-a5'), 5'- 
monodithiophosphate (phosphorodithioate; (HO)(HS)(S)P-0-5'), 5'-phosphorothiolate 
((HO)2(0)P-S-5'); any additional combination of oxgen/sulfur replaced monophosphate, 
diphosphate and triphosphates ie.g. 5'-alpha-thiotriphosphate, S'-gamma-thiotriphosphate, etc.), 
5'-phosphoramidates ((HO)2(0)P-NH-5', (HO)(NH2)(0)P-0-5'). 5'-alkylphosphonates 
(R=alkyl=methyl, ethyl, isopropyl, propyl, etc., e.g. RP(0H)(0)-0-5'-, (OH)2(0)P-5'-CH2-), 5'- 
alkyletherphosphonates (R=alkylethet=methoxymethyl (MeOCHz-), ethoxymethyl, etc., e.g. 
RP(0H)(0)-0-5'-)). 
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a" is: 




; H; Z^; an inverted nucleotide; an abasic nucleotide; or absent. 

W' is OH, (CH2)„R"*, (CH2)J^^°, (CUzX 0R'°, (CH2)n SR'°; 0(CH2)„R'°; 
0(CH2)„0R'°, 0(CH2)„NR*'', 0(CH2)nSR*''; 0(CH2)„SS(CH2)nOR'^ 0(CH2)nC(0)0R'°, 
NH(CH2)Jl'°; lSIH(CH2)hNR'** ;NH(CH2)„0R"', NH(CH2)nSR'''; S(CH2)„R'°, S(CH2)nNR'°, 
S(CH2)„0R'°, S(CH2)nSR'°0(CH2CH20)n,CH2CH20R'°; 0(CH2CH20)mCH2CH2NHR^° , 
NH(CH2CH2NH)mCH2CH2NHR"'; Q-R'°, 0-Q-R*° N-Q-R'*", S-Q-R'° or -0-. is O, CH2, 
]SIH,orS. 

X^, X', and X* are each, independently, O or S. 

Y', Y^ Y\ and are each, independently, 0H,O-, OR^ S, Se, BH3", H, NHR^ ^(r\ 
alkyl, cycloalkyl, aralkyl, aryl, or heteroaryl, each of which may be optionally substituted. 

Z\ Z^ and are each independenfly O, CH2, NH, or S. Z'' is OH, (CH2)nR'°, 
(CH2)nNHR'°, (CH2)n OR"*, (CH.2\ SR'°; 0(CH2)nR'°; 0(CH2)„0R'°, 0(CH2)„NR»°, 
0(CH2)„SR*^ 0(CH2)„SS(CH2)„0R'°, 0(CH2)nC(0)0R'°; ]SIH(CH2)„R*''; NH(CH2)„NR"' 
;NH(CH2)„0R'°, NH(CH2)„SR'°; S(CH2)aR*°, S(CH2)„NR'°. S(CH2)„0R'°, S(CH2)„SR'° 
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0(CH2CH20)mCH2CH20R'", 0(CH2CH20)„,CH2CH2NHR*" , 
NH(CH2CH2NH)„CH2CH2NHR"'; Q-R"*, 0-Q-R*° N-Q-R'°, S-Q-R'° 

X is 5-100, chosen to comply with a length for an RNA agent described herein. 

R' is H; or is together combined with R^ R^, or R^ to form an [-O-CH2-] covalently 
bound bridge between the sugar 2' and 4' carbons. 

R* is alkyl, cycloalkyl, aryl, axalkyl, heterocyclyl, heteroaryl, amino acid, or sugar; R' is 
NH2, alkylamino, dialkylamino, heterocyclyl, arylamino, diaryl amino, heteroaryl amino, 
diheteroaryl amino, or amino acid; and R'° is H; fluorophore (pyrene, TAMRA, fluorescein, Cy3 
or Cy5 dyes); sulfur, silicon, boron or ester protecting group; intercalating agents {e.g. acridines), 
cross-linkers (e.g. psoralene, mitomycin C), porphyrins (TPPC4,texaphyrin, Sapphyrin), 
polycyclic aromatic hydrocarbons (e.g., phenazine, dihydrophenazine), artificial endonucleases 
(e.g. EDTA), lipohilic carriers (cholesterol, cholic acid, adamantane acetic acid, 1 -pyrene butyric 
acid, dihydrotestosterone, l,3-Bis-0(hexadecyl)glycerol, geranyloxyhexyl group, 
hexadecylglycerol, bomeol, menthol, 1,3-propanediol, heptadecyl group, palmitic acid,myristic 
acid,03-(oleoyl)lithocholic acid, 03-(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine)and 
peptide conjugates (e.g., antenn^edia peptide. Tat peptide), alkylating agents, phosphate, amino, 
mercapto, PEG (e.g., PEG-40K), MPEG, [MPEG]2, polyamino; alkyl, cycloalkyl, aryl, aralkyl, 
heteroaryl; radiolabelled markers, enzymes, haptens ie.g. biotin), transport/absorption facilitators 
(e.g., aspirin, vitamin E, folic add), synthetic ribonucleases (e.g., imidazole, bisimidazole, 
histamine, imidazole clusters, acridine-imidazole conjugates, Eu3+ complexes of 
tetraazamacrocycles); or an RNA agent, m is 0-1,000,000, and n is 0-20. Q is a spacer selected 
from the group consisting of abasic sugar, amide, carboxy, oxyamine, oxyimine, thioether, 
disulfide, thiourea, sulfonamide, or morpholino, biotin or fluorescein reagents. 
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Preferred RNA agents in which the entire phosphate grotq) has heea replaced have the 
following structure (see Formula 3 below): 




FORMULAS 



Referring to Formula 3, A'°-A^° is L-G-L; A*° and/or A^ may be absent, in which L is a . 
luiker, wherein one or both L may be present or absent and is selected from the group consisting 
of CH2(CH2)g; N(CH2)g; 0(CH2)g; S(CH2)g. G is a functional group selected from the group 
consisting of siloxane, carbonate, carboxymethyl, carbamate, amide, thioether, ethylene oxide 
linker, sulfonate, sulfonamide, thioformacetal, formacetal, oxime, methyleneimino, 
methylenemethylimino, methylenehydrazo, methylenedimethylhydrazo and 
methyleneoxymethylimino. 
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R'°, R^°, and are each, independently, H, (i.e. abasic nucleotides), adenine, guanine, 
cytosine and uracil, inosine, thymine, xanthine, hypoxanthine, nubularine, tubercidine, 
isoguanisine, 2-aminoadenine, 6-methyl and other alkyl derivatives of adenine and guanine, 2- 
propyl and other alkyl derivatives of adenine and guanine, 5-halo\iracil and cytosine, 5-propynyl 
luracil and cytosine, 6-azo uracil, cytosine and thymine, 5-uracil (pseudouracil), 4-thiouracil, 5- 
halouracil, 5-(2-aminopropyl)uracil, 5-amino allyl uracil, 8-halo, anaino, thiol, thioalkyl, 
hydroxyl and other 8-substituted adenines and guanines, 5-trifluoromethyl and other 5- 
substituted uracils and cytosines, 7-methylguanine, 5-substituted pyrimidines, 6-azapyrimidines 
and N-2, N-6 and 0-6 substituted purines, including 2-aminopropyladenine, 5-propynyluracil 
and 5-propynylcytosine, dihydrouracil, 3-deaza-5-azacytosine, 2-aminopurine, 5-alkylm:acil, 7- 
alkylguanine, 5-alkyl cytosine,7-deazaadenine, 7-deazaguamne, N6, N6-dimethyladenine, 2,6- 
diaminopurine, S-amino-allyl-uracil, N3-methyluracil substituted 1,2,4-triazoles, 2-pyridinone, 
5-nitroindole, 3-nitropyrrole, 5-methoxyuracil, uracil-5-oxyacetic acid, 5- 
methoxycarbonylmethyluracil, 5-methyl-2-thiouracil, 5-methoxycarbonylmethyl-2-thiouracil, 5- 
methylaniinomethyl-2-thiouracil, 3-(3-amino-3carboxypropyl)uracil, 3-methylcytosine, 5- 
methylcytosine, N^-acetyl cytosine, 2-thiocytosine, N6-methyladenine, N6-isopentyladenine, 2- 
methylthio-N6-isopentenylademne, N-methylguanines, or 0-alkylated bases. 

R^, R^°, and R^" are each, independently, OR^ 0(CH2CH20),^CH2CH20R*; 0(CH2)nR^; 
0(CH2)nOR^ H; halo; NHz; NHR^; N(R^)2; lSiH(CH2CH2NH)n,CH2CH2R^ NHC(0)R^; cyano; 
mercapto, SR^; alkyl-thio-alkyl; alkyl, aralkyl, cycloalkyl, aiyl, heteroaryl, alkenyl, alkynyl, each 
of which may be optionally substituted with halo, hydroxy, oxo, nitro, haloalkyl, alkyl, alkaryl, 
aryl, aralkyl, alkoxy, aryloxy, amino, alkylamino, dialkylamino, heterocyclyl, arylamino, diaryl 
amino, heteroaryl amino, diheteroaryl amino, acylamino, alkylcarbamoyl, arylcarbamoyl, 
aminoalkyl, alkoxycarbonyl, carboxy, hydroxyaDcyl, alkanesulfonyl, alkanesulfonamido, 
arenesulfonamido, aralkylsulfonamido, alkylcarbonyl, acyloxy, cyano, and ureido groups; orR"", 
R^, or R*^ together combine with R^° to form an [-O-CH2-] covalently bound bridge between the 
sugar 2' and 4' carbons. 

x is 5-100 or chosen to comply with a length for an RNA agent described herein. 

R'" is H; or is together combined with R^", R^, or R^ to form an [-O-CH2-] covalently 
bound bridge between the sugar 2' and 4' carbons. 
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is alkyl, cycloalkyl, aryl, aralkyl, heterocyclyl, heteroaryl, amino acid, or sugar; and 
is NH2, alkylamino, dialkylamino, heterocyclyl, arylamino, diaryl amino, heteroaryl amino, 
diheteroaryl amino, or amino acid, m is 0-1,000,000, n is 0-20, and g is 0-2. 

Preferred nucleoside surrogates have the following structure (see Formula 4 below): 



SLR'°°-(M-SLR^°°)x-M-SLR^ 
FORMULA 4 



S is a nucleoside surrogate selected fram the group consisting of mophilino, cyclobutyl, 
pyrrolidine and pq)tide nucleic acid. L is a linker and is selected firom the group consisting of 
CH2(CH2)g; N(CH2)g; 0(CH2)g; S(CH2)g; -C(0)(CH2)„-or may be absent. M is an amide bond; 
sulfonamide; sulfinate; phosphate group; modified phosphate group as described herein; or may 
be absent. 

R'°°, R^°°, and R^**" are each, independently, H (i.e., abasic nucleotides), adenine, 
guanine, cytosine and uracil, inosine, thynaine, xanthine, hypoxanthine, nubularine, tubercidine, 
isoguanisine, 2-aminoadenine, 6-methyl and other aUsyl derivatives of adenine and guanine, 2- 
propyl and other alkyl derivatives of adenine and guanine, 5-halouracil and cytosine, 5-propynyl 
uracil and cytosine, 6-azo uracil, cytosine and thymine, 5-uracil (pseudouracil), 4-thiouracil, 5- 
halouracil, 5-(2-aminopropyl)uracil, 5-amino allyl uracil, 8-halo, amino, thiol, thioalkyl, 
hydroxyl and other 8-substituted adenines and guanines, 5-trifluoromethyI and other 5- 
substituted uracils and cytosines, 7-methylguanine, 5-substituted pyrimidines, 6-azapyriniidines 
and N-2, N-6 and 0-6 substituted purines, including 2-aminopropyIadenuie, 5-propynyluracil 
and 5-propynylcytosine, dihydrouracil, 3-deaza-5-azacytosine, 2-aminopiirine, 5-alkyluracil, 7- 
alkylguaoine, 5-alkyl cytosine,7-deazaadenine, 7-deazaguanine, N6, N6-dimethyladenine, 2,6- 
diaminopurine, 5-amiao-allyl-uracil, N3-methyluracil substituted 1, 2, 4,-triazoles, 2- 
pyridinones, 5-nitroindole, 3-nitropyrrole, 5-methoxyuracil, uracil-5-oxyacetic acid, 5- 
methoxycarbonylmethyluracil, 5-methyl-2-thiouracil, 5-methoxycarbonylmethyl-2-thiouracil, 5- 
methylaminomethyl-2-thiouracil, 3-(3-amino-3carboxypropyl)uracil, 3-methylcytosine, 5- 
methylcytosine, N^-acetyl cytosine, 2-thiocytosine, N6-methyladenine, N6-isopentyladenine, 2- 
methylthio-N6-isopentenyladeQine, N-methylguanines, or O-alkylated bases. 
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X is 5-100, or chosen to comply with a length for an RNA agent described herein; and g is 

0-2. 

Nuclease resistant monomers 

An RNA, e.g., an iKNA agent, can incorporate a nuclease resistant monomer (NRM), 
such as those described herein and those described in copending, co-owned United States 
Provisional Application Serial No. 60/469,612, filed on May 9, 2003, and International 
Application No. PCT/US04/07070, both of which are hereby incoiporated by reference. 

In addition, the invention includes IRNA agents having an NRM and another element 
described herein. E.g., the invention includes an iRNA agent described herein, e.g., a 
palindromic iKNA agent, an iRNA agent having a non canonical pairing, an iRNA agent which 
targets a gene described herein, e.g., a gene active in the kidney, an iRNA agent having an 
architecture or structure described herein, an iRNA associated with an amphipathic delivery 
agent described herein, an iRNA associated with a drug delivery module described herein, an 
iRNA agent administered as described herein, or an iRNA agent fomiulated as described herein, - 
which also incorporates an NRM. 

An iRNA agent can include monomers which have been modifed so as to inhibit 
degradation, e.g., by nucleases, e.g., endonucleases or exonucleases, found in the body of a 
subject. These monomers are referred to herein as NRMs, or nuclease resistance promoting 
monomers or modifications. In many cases these modifications will modulate other properties of 
the iRNA ageiit as well, e.g., the ability to interact with a protein, e.g., a transport protein, e.g., . 
serum albumin, or a member of the RISC (RNA-induced Silencing Complex), or the ability of ■ 
the first and second sequences to form a duplex with one another or to form a duplex with 
another sequence, e.g., a target molecule. 

While not wishing to be bound by theory, it is believed that modifications of the sugar, 
base, and/or phosphate backbone in an iRNA agent can enhance endonuclease and exonuclease 
resistance, and can enhance interactions with transporter proteins and one or more of the 
fimctional components of the RISC complex. Preferred modifications are those that increase 
exonuclease and endonuclease resistance and thus prolong the half-life of the iRNA agent prior 
to interaction vidth the RISC complex, but at the same time do not render the iRNA agent 
resistant to endonuclease activity in the RISC complex. Again, while not wishing to be bound by 
any theory, it is believed that placement of the modifications at or near the 3' and/or 5' end of 
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antisense strands can result in £RN A agents that meet the preferred nuclease resistance criteria 
delineated above. Again, still while not wishing to be bound by any theory, it is believed that 
placement of the modifications at e.g., the middle of a sense strand can result in iRNA agents 
that are relatively less likely to undergo off-targeting. 

5 Modifications described herein can be incorporated into any double-stranded RNA and 

RNA-like molecule described herein, e.g., an iRNA agent. An iKNA agent may include a duplex 
comprising a hybridized sense and antisense strand, in which the antisense strand and/or the 
sense strand may include one or more of the modifications described herein. The anti sense 
strand may include modifications at the 3' end and/or the 5' end and/or at one or more positions 

10 that occur 1-6 (e.g., 1-5, 1-4, 1-3, 1-2) nucleotides &om either end of the strand. The sense 
strand may include modifications at the 3' end and/or the 5' end and/or at any one of the 
intervening positions between the two ends of the strand. The iRNA agent may also include a 
duplex comprising two hybridized antisense strands. The first and/or the second antisense strand 
may include one or more of the modifications described herein. Thus, one and/or both antisense 

15 strands may include modifications at the 3' end and/or the S' end and/or at one or more positions 
that occur 1-6 (e.g., 1-5, 1-4, 1-3, 1-2) nucleotides &om either end of the strand. Particular 
configurations are discussed below. 

Modifications that can be usefiil for producing iRNA agents that meet the preferred 
nuclease resistance criteria delineated above can include one or more of the following chemical 
20 and/or stereochemical niodifications of the sugar, base, and/or phosphate backbone: ' 

(i) chiral (Sp) thioates. Thus, preferred NRMs include nucleotide dimers with an enriched 
or pure for a particular chiral form of a modified phosphate group containing a heteroatom at the 
nonbridging position, e.g., Sp or Rp, at the position X, where this is the position normally 
occupied by the oxygen. The atom at X can also be S, Se, Nrz, or Bra. When X is S, enriched or 

25 chirally pure Sp linkage is preferred. Enriched means at least 70, 80, 90, 95, or 99% of the 
preferred form. Such NRMs are discussed in more detail below; 

(ii) attachment of one or more cationic groups to the sugar, base, and/or the phosphorus 
atom of a phosphate or modified phosphate backbone moiety. Thus, preferred NRMs include 
monomers at the terminal position derivatized at a cationic gnoup. As the 5' end of an antisense 

30 sequence should have a terminal -OH or phosphate group this NRM is preferably not used at the 
5' end of an anti-sense sequence. The gcoxsp should be attached at a position on the base which 
minimizes interference with H bond formation and hybridization, e.g., away form the fiice which 
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interacts with the complementary base on the other strand, e.g, at the 5' position of a pyiimidine 
or a 7-position of a purine. These are discussed in more detail below; 

(iii) nonphosphate linkages at the termini. Thus, preferred NRMs include Non-phosphate 
Imkages, e.g., a linkage of 4 atoms which confers greater resistance to cleavage than does a 

5 phosphate bond. Examples include 3' CH2-NCH3-0-CH2-5' and 3' CH2-lSIH-(0=)-CH2-5'.; 

(iv) 3 '-bridging thiophosphates and 5 '-bridging thiophosphates. Thus, preferred NRM's 
can included these structures; 

(v) L-RNA, 2'-5' linkages, inverted linkages, a-nucleosides. Thus, other preferred 
NRM's include: L nucleosides and dimeric nucleotides derived from L-nucleosides; 2'-5' 

1 0 phosphate, non-phosphate and modified phosphate linkages (e.g., thiophosphates, 

phosphoramidates and boronophosphates); dimers having inverted linkages, e.g., 3 '-3' or 5 '-5' 
linkages; monomers having an alpha linkage at the 1' site on the sugar, e.g., the structures 
described herein having an alpha linkage; 

(vi) conjugate groups. Thus, preferred NRM's can include e.g., a targeting moiety or a 
1 5 conjugated ligand described herein conjugated with the monomer, e.g., through the sugar , base, 

or backbone; 

(vi) abasic linkages. Thus, preferred NRM's can include an abasic monomer, e.g., an 
abasic monomer as described heretn (e.g., a nucleobaseless monomer); an aromatic or 

heterocyclic or polyheterocyclic aromatic monomer as described herein.; and 

20 (vii) 5 '-phosphonates and 5 '-phosphate prodrugs. Thus, preferred NRM's include 

monomers, preferably at the terminal position, e.g., the 5' position, in which one or more atoms 
of the phosphate group is derivatized with a protecting group, which protecting group or groups, 
are removed as a result of the action of a component in fbe subject's body, e.g, a carboxyesterase 
or an enzyme present in the subject's body. Kg., a phosphate prodrug in which a carboxy 

25 esterase cleaves the protected molecule resulting in the production of a thioate anion which 
attacks a carbon adjacent to the O of a phosphate and resulting in the production of an 
improtected phosphate. 

One or more different NRM modifications can be introduced into an iRNA agent or into 
a sequence of an iKNA agent. An NRM modification can be used more than once in a sequence 
30 or in an iRNA agent. As some NRM's interfere with hybridization the total number 
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incorporated, should be such that acceptable levels of lEtNA agent duplex formation are 
maintained. 

In some embodiments NRM modifications are introduced into the terminal the cleavage 
site or in the cleavage region of a sequence (a sense strand or sequence) which does not target a 
desired sequence or gene in the subject. This can reduce off-target silencing. 

CIiiralSpThioates 

A modification can include the alteration, e.g., replacement, of one or both of the non- 
linking (X and Y) phosphate oxygens and/or of one or more of the linking (W and Z) phosphate 
oxygens. Formula X below depicts a phosphate moiety linking two sugar/sugar smxogate-base 
moieties, SBi and SB2. 




FORMULA X 



In certain embodunents, one of the non-linking phosphate oxygens in the phosphate 
backbone moiety (X and Y) can be replaced by any one of the following: S, Se, BR3 (R is 
hydrogen, alkyl, aryl, etc.), C (i.e., an alkyl group, an aryl group, etc.), H, NR2 (R is hydrogen, 
alkyl, aryl, etc.), or OR (R is alkyl or aryl). The phosphorus atom in an unmodified phosphate 
group is achiral. However, replacement of one of the non-linking oxygens with one of the above 
atoms or groups of atoms renders the phosphorus atom chiral; in other words a phosphorus atom 
in a phosphate group modified in this way is a stereogenic center. The stereogenic phosphorus 
atom can possess either the "R" configuration (herem Rp) or the "S" configuration (herein Sp). 
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Thus if 60% of a population of stereogenic phosphorus atoms have the Rp conjaguration, then the 
remaining 40% of the population of stereogenic phosphorus atoms have the Sp configuration. 

In some embodiments, IRNA agents, having phosphate groups in which a phosphate non- 
linking oxygen has been replaced by another atom or group of atoms, may contain a population 
5 of stereogenic phosphorus atoms in which at least about 50% of these atoms (e.g., at least about 
60% of these atoms, at least about 70% of these atoms, at least about 80% of these atoms, at least 
about 90% of these atoms, at least about 95% of these atoms, at least about 98% of these atoms, 
at least about 99% of these atoms) have the Sp configuration. Alternatively, iRNA agents having 
phosphate groups in which a phosphate non-linking oxygen has been replaced by another atom 

10 or group of atoms may contain a population of stereogenic phosphorus atoms in which at least 
about 50% of these atoms (e.g., at least about 60% of these atoms, at least about 70% of these 
atoms, at least about 80% of these atoms, at least about 90% of these atoms, at least about 95% 
of these atoms, at least about 98% of these atoms, at least about 99% of these atoms) have the Rp 
configuration. In other embodiments, the population of stereogenic phosphorus atoms may have 

15 the Sp configuration and may be substantially fi-ee of stereogenic phosphorus atoms having the 
Rp configuration. In still other embodiments, the population of stereogenic phosphorus atoms 
may have the Rp configiiration and may be substantially fi-ee of stereogenic phosphorus atoms 
having the S? configuration. As used herein, the phrase "substantially fi-ee of stereogenic 
phosphorus atoms having the Rp configuration" means that moieties containing stereogenic 

20 phosphorus atoms having the Rp configuration cannot be detected by conventional methods 
known in the art (chiral HPLC, 'H NMR analysis using chiral shift reagents, etc.). As used 
herein, the phrase "substantially free of stereogenic phosphorus atoms having the S? 
configuration" means that moieties containing stereogenic phosphorus atoms having the Sp 
configuration cannot be detected by conventional methods known in the art (chiral HPLC, 'H 

25 NMR analysis using chiral shift reagents, etc.). 

In a preferred embodiment, modified iRNA agents contain a phosphorothioate group, i.e., 
a phosphate groups in which a phosphate non-linking oxygen has been replaced by a sulfur atom. 
In an especially preferred embodiment, the population of phosphorothioate stereogenic 
phosphorus atoms may have the S? configuration and be substantially firee of stereogenic 
30 phosphorus atoms having the Rp configuration. 

Phosphorothioates may be incorporated into iRNA agents using dimers e.g., formulas X- 
1 and X-2. The former can be used to introduce phosphorothioate 
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at the 3' end of a strand, while the latter can be used to introduce this modification at the 5' end 
or at a position that occurs e.g., 1, 2, 3, 4, 5, or 6 nucleotides from either end of the strand. In the 
5 above formulas, Y can be 2-cyanoethoxy, W and Z can be O, R2' can be, e.g., a substituent that 
can impart the C-3 endo configuration to the sugar (e.g., OH, F, OCH3), DMT is dimethoxytrityl, 
and "BASE" can be a natural, unusual, or a universal base. 

X-1 and X-2 can be prepared using chiral reagents or directing groups that can result in 
phosphorothioate-containing dimers having a population of stereogenic phosphorus atoms 
1 0 having essentially only the Rp configuration (i.e., being substantially free of the S? configuration) 
or only the Sp configuration (i.e., being substantially free of the Rp configuration). Alternatively, 
dimers can be prepared having a population of stereogenic phosphorus atoms in which about 
50% of the atoms have the Rp configuration and about 50% of the atoms have the S? 
configuration. Dimers having stereogenic phosphorus atoms with the Rp configuration can be 
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identified and separated firom dimers having stereogenic phosphorus atoms with the Sp 
configuration using e.g., enzymatic degradation and/or conventional chromatography techniques. 

Cationic Groups 

Modifications can also include attachment of one or more cationic groups to the sugar, 
base, and/or the phosphorus atom of a phosphate or modified phosphate backbone moiety. A 
cationic group can be attached to any atom capable of substitution on a natural, unusual or 
universal base. A preferred position is one that does not interfere with hybridization, i.e., does 
not interfere with tiie hydrogen bonding interactions needed for base paking. A cationic group 
can be attached e.g., through the C2' position of a sugar or analogous position in a cychc or 
acyclic sugar surrogate. Cationic groups can include e.g., protonated amino groups, derived 
from e.g., 0-AMINE (AMINE =NH2; aUcylamino, dialkylamino, heterocyclyl, arylamino, diaryl 
amino, heteroaryl amino, or diheteroaryl amino, ethylene diamine, polyamino); aminoalkoxy, 
e.g., 0(CH2)nAMINE, (e.g., AMINE = NH2; alkylamino, dialkylamino, heterocyclyl, arylamino, 
diaryl amino, heteroaryl amino, or diheteroaryl amino, ethylene diamine, polyamino); amino 
(e.g. NH2; alkylamino, dialkylamino, heterocyclyl, arylamino, diaryl amino, heteroaryl amino, 
diheteroaryl amino, or amino acid); or NH(CH2CH2NH)„CH2CH2-AMINE (AMINE = NH2; 
alkylamino, dialkylamino, heterocyclyl, arylamino, diaryl amino, heteroaryl aiimio,or 
diheteroaryl amino). 

Nonphosphate Linkages 

Modifications can also include the incorporation of nonphosphate linkages at the 5 ' 
and/or 3' end of a strand. Examples of nonphosphate Unkages which can replace the phosphate 
group include methyl phosphonate, hydroxylamino, siloxane, carbonate, carboxymetiiyl, 
carbamate, amide, thioether, ethylene oxide Imker, sulfonate, sulfonamide, thioformacetal, 
formacetal, oxirae, methyleneimino, methylenemethylimino, methylenehydrazo, 
methylenedimethylhydrazo and methyleneoxymethylimino. Preferred rq>Iacements include the 
methyl phosphonate and hydroxylamino groups. 

3 '-bridging thiophosphates and 5 '-bridging thiophosphates; locked-RNA, 2 '-5 ' likages. 
inverted linkages, a-nucleosides; conjugate grotq)s; abasic linkages; and 5 '-phosphonates and 
5 '-phosphate prodrugs 

Referring to formula X above, modifications can include replacement of one of the 

bridging or Unking phosphate oxygens in the phosphate backbone moiety (W and Z). Unlike tiie 
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situation where only one of X or Y is altered, the phosphorus center in the phosphorodithioates is 
achiral which precludes the formation of iRNA agents containing a stereogenic phosphorus 
atom. 

Modifications can also include linking two sugars via a phosphate or modified phosphate 
5 group through the 2' position of a first sugar and the 5 ' position of a second sugar. Also 
contemplated are inverted linkages in which both a first and second sugar are eached linked 
through the respectiveS* positions. Modified RNA's can also include "abasic" sugars, which 
lack a nucleobase at C-1'. The sugar group can also contain one or more carbons that possess the 
opposite stereochemical configuration than that of the conresponding carbon in ribose. Thus, a 
10 modified iRNA agent can include nucleotides containing e.g., arabinose, as the sugar. In another 
subset of this modification, the natural, xmusual, or universal base may have the a-configuration. 
Modifcations can also include L-RNA. 

Modifications can also include 5 '-phosphonates, e.g., P(0)(0")2-X-C^'-sugar pc= CH2, 
CF2, CHF and 5'-phosphate prodrugs, e g., P(0)[OCH2CH2SC(0)R]2CH2C^*-sugar. In the 
15 latter case, the prodrug groups may be decomposed via reaction first with carboxy esterases. The 
remaining ethyl thiolate group via intramolecular Sn2 displacement can depart as episutfide to 
afford the imderivatized phosphate group. 

Modification can also include the addition of conjugating groups described elseqhere 
herein, which are prefereably attached to an iRNA agent through any amino group available for ■ 

20 conjugation. 

Nuclease resistant modifications include some which can be placed only at the terminus ■ 
and others which can go at any position. Generally the modifications that can inhibit ' 
hybridization so it is preferably to use them only in terminal regions, and preferrable to not use 
them at the cleavage site or in the cleavage region of an sequence which targets a subject 
25 sequence or'gene.. The can be used anywhere in a sense sequence, provided that sufficient 
hybridization between the two sequences of the iRNA agent is maintained. In some 
embodiments it is desirabable to put the NRM at the cleavage site or in the cleavage region of a 
sequence which does not target a subject sequaice or gene,as it can minimize off-target 
silencing. 



30 



In addition, an iRNA agent described herein can have an overhang which does not form a 
duplex stracture with the other sequence of the iRNA agent — ^it is an overhang, but it does 
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hybridize, either with itself, or with another nucleic acid, other than the other sequence of the 
iRNA agent. 

In most cases, the nuclease-resistance promoting modifications will be distributed 
differently depending on whether the sequence will target a sequence in the subject (often 
referred to as an anti-sense sequence) or will not target a sequence in the subject (often referred 
to as a sense sequence). If a sequence is to target a sequence in the subject, modifications which 
interfer with or inhibit endonuclease cleavage should not be inserted in the region which is 
subject to RISC mediated cleavage, e.g., the cleavage site or the cleavage region (As described 
in Elbashir era/., 2001, Genes and Dev. 15: 188, herebyincoiporatedbyreference, cleavage of 
the target occurs about in the middle ofa 20 or 21 nt guide RNA, or about lOor 11 nucleotides 
upstream of the first nucleotide which is complementary to the guide sequence. As used herein 
cleavage site refers to the nucleotide on either side of the cleavage site, on the target or on the 
iRNA agent strand which hybridizes to it. Cleavage region means an nucleotide with 1, 2, or 3 
nucletides of the cleave site, in either direction.) 

Such modifications can be introduced into the terminal regions, e.g., at the terminal 
position or with .2, 3, 4, or 5 positions of the terminus, ofa sequence which targets or a sequence 
which does not target a sequence in the subject. 

An iRNA agent can have a first and a second strand chosen firom the following: 

a first strand which does not target a sequence and which has an NRM modification at or 
within 1, 2, 3, 4, 5 , or 6 positions Scorn the 3' end; 

a first strand which does not target a sequence and which has an NRM modification at or 
within 1, 2, 3, 4, 5 , or 6 positions firom the 5' end; 

a first strand which does not target a sequence and which has an NRM modification at or 
within 1, 2, 3, 4, 5 . or 6 positions fi-om the 3' end and which has a NRM modification at or 
within 1, 2, 3, 4, 5 , or 6 positions fcom the 5' end; 

a first strand which does not target a sequence and which has an NRM modification at the 
cleavage site or in the cleavage region; 

a fnst strand which does not target a sequence and which has an NRM modification at the 
cleavage site or in the cleavage region and one or more of an NRM modification at or within 1 
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2, 3, 4, 5 , or 6 positions from the 3 ' end, a NRM modification at or within 1, 2, 3, 4, 5 , or 6 
positions from the 5' end, or NRM modifications at or within 1, 2, 3, 4, 5 , or 6 positioiL from 
both the 3' and the 5' end; and 

a second strand which targets a sequence and which has an NRM modification at or 
within 1, 2, 3, 4, 5 , or 6 positions fi^m the 3' end; 

a second strand which targets a sequence and which has an NRM modification at or 
within 1, 2, 3. 4, 5 , or 6 positions fiom the 5' end (5' end NRM modifications are preferentially 
not at the terminus but rather at a position 1. 2. 3. 4, 5 , or 6 away fiom the 5' tenninus of an 
antisense strand); 

a second strand which targets a sequence and which has an NRM modification at or 
within 1, 2. 3. 4, 5 , or 6 positions fiom the 3' end and which has a NRM modification at or 
within 1, 2, 3, 4, 5 , or 6 positions fiom the 5' end; 

a second strand which targets a sequence and which preferably does not have an an NRM 
modification at the cleavage site or in the cleavage region; 

a second strand which targets a sequence and which does not have an NRM modification 
at the cleavage site or in the cleavage region and one or more of an NRM modification at or 
within 1, 2, 3, 4, 5 , or 6 positions from the 3' end, a NRM modification at or within 1. 2. 3, 4, 5 , 
or 6 positions from the 5' end, or NRM modifications at or within 1, 2. 3, 4, 5 . or 6 position' ' • 
from both the3' and the 5' end(5' end NRM modifications axe preferentiaUy not at the tenninus 
but rather at a position 1, 2. 3, 4, 5 , or 6 away fiom the 5' terminus of an antisense strand). 

An iRNA agent can also target two sequences and can have a first and second strand 



a first strand which targets a sequence and which has an NRM modification at or within 
1, 2, 3, 4, 5 , or 6 positions from the 3' end; 

a first strand which targets a sequence and which has an NRM modification at or within 
1, 2. 3, 4, 5 , or 6 positions from the 5' end (5' end NRM modifications are preferentially not at 
the tenninus but rather at a position 1, 2. 3. 4. 5 , or 6 away fiom the 5' tenninus of an antisense 
strand); 
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a first strand which targets a sequence and which has an NRM modification at or within 
1, 2, 3, 4, 5 , or 6 positions fi^om the 3' end and which has a NRM modification at or within 1, 2, 
3, 4, 5 , or 6 positions from the 5' end; 

a first strand which targets a sequence and which preferably does not have an an NRM 
modification at the cleavage site or in the cleavage region; 

a first strand which targets a sequence and which dose not have an NRM modification at 
the cleavage site or in the cleavage region and one or more of an NRM modification at or within 
1, 2, 3, 4, 5 , or 6 positions from the 3' end, a NRM modification at or within 1, 2, 3, 4, 5 , or 6 
positions from the 5' end, or NRM modifications at or within 1, 2, 3, 4, 5 , or 6 positions from 
both the 3' and the 5' end(5' end NRM modifications are preferentially not at the terminus but 
rather at a position 1, 2, 3, 4, 5 , or 6 away from the 5 ' terminus of an antisense strand) and 

a second strand which targets a sequence and which has an JJRM modification at or 
within 1 , 2, 3, 4, 5 , or 6 positions Smm the 3 ' end; 

a second strand which targets a sequence and which has an NRM modification at or 
within 1, 2, 3, 4, 5 , or 6 positions &om the 5' end (5' end NRM modifications are preferentially 
not at the terminus but rather at a position 1, 2, 3, 4, 5 , or 6 away fix>m the 5' teraiinus of an 
antisense strand); 

a second strand which targets a sequence and which has an NRM modification at or 
within 1, 2, 3, 4, 5 , or 6 positions fi:om the 3' end and which has a NRM modification at or 
within 1, 2, 3, 4, 5 , or 6 positions firom the 5' end; 

a second sfrand which targets a sequence and which preferably does not have an an NRM 
modification at the cleavage site or in the cleavage region; 

a second strand which targets a sequence and which dose not have an NRM modification 
at the cleavage site or in the cleavage region and one or more of an NRM modification at or 
within 1, 2, 3, 4, 5 , or 6 positions from the 3' end, a NRM modification at or within 1, 2, 3, 4, 5 , 
or 6 positions from the 5' end, or NRM modifications at or within 1, 2, 3, 4, 5 , or 6 positions 
from both the 3' and the 5' end(5' end NRM modifications are preferentially not at the terminus 
but rather at a position 1, 2, 3, 4, 5 , or 6 away fixjm the 5' terminus of an antisense strand). 
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Ribose Mimics 

An RNA, e.g., an iRNA agent, can incorporate a ribose mimic, such as those described 
herein and those described m copending co-owned United States Provisional Application Serial 
No. 60/454,962, filed on March 13, 2003, and hitemational AppUcation No. PCT/US04/07070, 
both of which are hereby incorporated by reference. 

hi addition, the invention includes iRNA agents having a ribose mimic and another 
element described herein. E.g., the invention includes an iRNA agent described herein, e.g., a 
paUndromic iRNA agent, an iRNA agent having a non canonical pairing, an iRNA agent which 
targets a gene described herein, e.g., a gene active in the kidney, an iRNA agent having an 
architecture or stmcture described herein, an iRNA associated with an amphipathic dehvery 
agent described herein, an iRNA associated with a drug dehvery module described herein, an 
iRNA agent administered as described herem. or an iRNA agent formulated as described herein, 
which also incorporates a ribose mimic. 

Thus, an aspect of the invention features an iRNA agent that includes a secondary 
hydroxyl group, which can increase efficacy and/or confer nuclease resistance to the agent. 
Nucleases, e.g., cellular nucleases, can hydrolyze nucleic acid phosphodiester bonds, resulting in 
partial or complete degradation of the nucleic acid. The secondary hydroxy group confers 
nuclease resistance to an iRNA agent by rendering the iRNA agent less prone to nuclease 
degradation relative to an iRNA which lacks the modification. While not wishing to be bound 
by theory, it is beheved that the presence of a secondary hydroxyl group on the iRNA agent can 
act as a structural mimic of a 3' ribose hydroxyl group, thereby causing it to be less susceptible 
to degradation. 

The secondary hydroxyl group refers to an "OH" radical that is attached to a carbon atom 
substituted by two other carbons and a hydrogen. The secondary hydroxyl group that confers 
nuclease resistance as described above can be part of any acycKc carbon-containing group. The 
hydroxyl may also be part of any cycUc carbon-containing group, and preferably one or more of 
the following conditions is met (1) there is no ribose moiety between the hydroxyl group and the 
terminal phosphate group or (2) the hydroxyl group is not on a sugar moiety which is coupled to 
a base.. The hydroxyl group is located at least two bonds (e.g., at least three bonds away, at least 
four bonds away, at least five bonds away, at least six bonds away, at least seven bonds away, at 
least eight bonds away, at least nine bonds away, at least ten bonds away, etc.) from the terminal 
phosphate group phosphorus of the iRNA agent In preferred embodiments, there are five 
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intervening bonds between the terminal phosphate group phosphorus and the secondary hydroxyl 
group. 

Preferred iRNA agent delivery modules with five intervening bonds between the terminal 
phosphate group phosphorus and the secondary hydroxyl group have the following structure (see 
5 formula Y below): 



W 



R3 „ 
R2 |"^R, 



OR7 Re 



(Y) 

Referring to formula Y, A is an iRNA agent, including any iRNA agent described herein. 
The iRNA agent may be connected directly or indirectly (e.g., through a spacer or linker) to «W" 
of the phosphate group. These spacers or linkers can include e.g., -(CHa)™-, -(CH2)„N-, - 
(CH2)nO-, -(CH2)„S-, 0(CH2CH20)„CH2CH20H (e.g., n = 3 or 6), abasic sugars, amidl, carboxy, 
amine, oxyamine, oxyimine. thioether, disulfide, thiourea, sulfonamide, or moipholino. or biotin' 
and fluorescein reagents. 

The iRNA agents can have a terminal phosphate group that is unmodified (e.g., W, X, Y, 
and Z are O) or modified. In a modified phosphate group, W and Z can be independently NH, O, 
or S; and X and Y can be independently S, Se, BH3-, C.-Q alkyl, Q-C.o aryl, H. O, O", alkoxy or 
amino (including alkylamino, arylamino, etc.). Preferably. W, X and Z are O and Y is S. 
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Ri and R3 are each, indepeiSently, hydrogen; or Ci-Cioo alkyl, optionally substituted with 
hydroxyl, amino, halo, phosphate or sulfate and/or may be optionally inserted with N, O, S, 
alkenyl or alkynyl. 

R2 is hydrogen; Ci-Cioo alkyl, optionally substituted with hydroxyl, amino, halo, 
phosphate or sulfate and/or may be optionally inserted with N, O, S, alkenyl or alkynyl; or, when 
n is 1, R2 may be taken together with with R4 or R^ to form a ring of 5-12 atoms. 

R4 is hydrogen; Ci-Cioo alkyl, optionally substituted with hydroxyl, amino, halo, 
phosphate or sulfate and/or may be optionally inserted with N, O, S, alkenyl or alkynyl; or, when 
n is 1, R4 may be taken together with with R2 or R5 to form a ring of 5-12 atoms. 

R5 is hydrogen, Ci-Cioo alkyl optionally substituted with hydroxyl, amino, halo, 
phosphate or sulfate and/or maybe optionally inserted with N, O, S, alkenyl or alkynyl; or, when 
n is 1, R5 may be taken together with with R4 to form a ring of 5-12 atoms. 

R6 is hydrogen, Ci-Cioo alkyl, optionally substituted with hydroxyl, amino, halo, 
phosphate or sulfate and/or may be optionally inserted with N, O, S, alkenyl or alkynyl, or, when 
n is 1, Re may be taken together with with R2 to form a ring of 6-10 atoms; 

R7 is hydrogen, Cj-Cioo alkyl, or C(0)(CH2)qC(0)NHR9; T is hydrogen or a functional 
group; n and q are each independently 1-100; Rg is Ci-Cio alkyl or Ce-Cio aryl; and R, is 
hydrogen, Cl-ClO alkyl, C6-C10 aiyl or a solid support agent. 

Preferred embodiments may mclude one of more of the following subsets of iRNA agent 
delivery modules. 

In one subset of RNAi agent delivery modules, A can be connected directly or indirectly 
througji a terminal 3' or 5' ribose sugar carbon of the RNA agent. 

hi another subset of RNAi agent dehvery modules, X, W, and Z are O and Y is S. 

In still yet another subset of RNAi agent delivery modules, n is 1, and R2 and R^ are 
taken together to form a ring containing six atoms and R4 and R5 are taken together to form a 
ring containing six atoms. Preferably, the ring system is a ^ra^w-decalin. For example, the KNAi 
agent delivery module of this subset can include a compound of Fonnula (Y-1): 



65 



wo 2004/090108 



PCT/US2004/010586 




X 



The functional group can be, for example, a targeting group (e.g., a steroid or a 
carbohydrate), a reporter group (e.g., a fluorophore), or a label (an isotopically labelled moiety). 
The targeting group can further include protein binding agents, endothelial ceU targetmg groups 
(e.g., RGD peptides and mimetics), cancer cell targeting groups (e.g.. folate Vitamin B12, 
Biotin), bone ceU targeting groups (e.g., bisphosphonates, polyglutamates, polyaspartates), 
multivalent mannose (for e.g.. macrophage testing), lactose, galactose, N-acetyl-galactosamine, 
monoclonal antibodies, glycoproteins, lectins, melanotropin, or thyrotropin. 

As can be appreciated by the skiUed artisan, methods of synthesizing the compounds of 
the formulae herein, will be evident to those of ordinary skill in the art.The synthesized 
compounds can be separated from a reaction mixture and further purified by a method such as 
column chromatography, higji pressure liquid chromatography, or recrystallization. 
Additionally, the various synthetic steps may be performed in an alternate sequence or order to 
give the desired compounds. Synthetic chemistry transformations and protecting group 
methodologies (protection and deprotection) useful in synthesizing the compounds described 
herein are known in the art and include, for example, those such as described in R. Larock, 
Comprehensive Organic Transformations, VCHPubHshers (1989); T.W. Greene andP.GM. 
Wuts, Protective Groups in Organic Synthesis, 2d. Ed., John Wiley and Sons (1991); L. Fieser 
and M. Fieser, Fieser and Fieser's Reagents for Organic Synthesis, John Wiley and Sons (1994); 
and L. Paquette, ed.. Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons 
(1995), and subsequent editions thereof 
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Ribose Replacement Monomer Suhuiiits 

iRNA agents can be modified in a number of ways which can optimize one or more 
characteristics of the iRNA agent. An RNA agent, e.g., an iRNA agent can include a ribose 
replacement monomer subunit (RRMS), such as those described herein and those described in 
one or more of United States Provisional Application Serial No. 60/493,986, filed on 
August 8, 2003, which is hereby incorporated by reference; United States Provisional 
Application Serial No. 60/494,597, filed on August 11, 2003, which is hereby incorporated by 
reference; United States Provisional Application Serial No. 60/506,341, filed on September 26, 
2003, which is hereby incorporated by reference; United States Provisional AppUcation Serial 
No. 60/158,453, filed on November 7, 2003, which is hereby incorporated by reference; and 

Intemational AppUcation No. PCT/US04/07070, filed March 8, 2004, which is hereby ■ 
incorporated by reference. 

In addition, the invention includes iRNA agents having a RRMS and another element 
described herein. E.g., the invention includes an iRNA agent described herein, e.g., a 
palindromic iRNA agent, an iRNA agent having a non canonical pairing, an iRNA agent which 
targets a gene described herein, e.g., a gene active in the kidney, an iRNA agent having an 
architecture or structure described herein, an iRNA associated with an amphipathic delivery 
agent described herein, an iRNA associated with a drug delivery module described herein, an 
iRNA agent administered as described herein, or an iRNA agent formulated as described herein, 
which also incorporates a RRMS. 

The ribose sugar of one or more ribonucleotide subunits of an iRNA agent can be 
replaced with another moiety, e.g., a non-carbohydrate (preferably cyclic) carrier. A 
ribonucleotide subunit in which the ribose sugar of the subunit has been so replaced is referred td 
herein as a ribose replacement modification subunit (RRMS). A cychc carrier may be a • 
carbocyclic ring system, i.e., aU ring atoms are carbon atoms, or a heterocycKc ring system, i.e., 
one or more ring atoms may be a heteroatom, e.g., nitrogen, oxygen, suUur. The cycKc earner 
may be a monocyclic ring system, or may contain two or more rings, e.g. fiised rings. The cychc 
carrier may be a fiilly saturated ring system, or it may contain one or more double bonds. 

The carriers further include (i) at least two "backbone attachment points" and (ii) at least 
one 'tethering attachment point." A "backbone attachment point" as used herein refers to a 
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fimctional group, e.g. a hydroxyl group, or generally, a bond available for, and that is suitable for 
incorporation of the carrier into the backbone, e.g., the phosphate, or modified phosphate, e.g., 
sulfiir containing, backbone, of a ribonucleic acid. A "tethering attachment poinf ' as used herein 
refers to a constituent ring atom of flie cyclic carrier, e.g., a carbon atom or a heteroatom (distinct 
fiom an atom which provides a backbone attachment point), that connects a selected moiety. 
The moiety can be, e.g., a Kgand, e.g., a targeting or deUvery moiety, or a moiety which alters a 
physical property, e.g., lipophilicity, of an iRNA agent. Optionally, the selected moiety is 
connected by an intervening tether to the cyclic carrier. Thus, it will include a functional group, 
e.g., an amino group, or generally, provide a bond, that is suitable for incorporation or tethering 
of another chemical entity, e.g., a ligand to the constituent ring. 

Incorporation of one or more RRMSs described herein into an RNA agent, e.g., an iRNA 
agent, particularly when tethered to an appropriate entity, can confer one or more new properties 
to the RNA agent and/or alter, enhance or modulate one or more existing properties in the RNA 
molecule. E.g., it can alter one or more of lipophilicity or nuclease resistance. Incorporation of 
one or more RRMSs described herein into an iRNA agent can, particularly when the RRMS is 
tethered to an appropriate entity, modulate, e.g., increase, binding affinity of an iRNA agent to a 
target mRNA, change the geometry of the duplex form of the iRNA agent, alter distribution or 
target the iRNA agent to a particular part of the body, or modify the interaction with nucleic acid 
binding proteins (e.g., during RISC formation and strand separation). 

Accordingly, in one aspect, the invention features, an iRNA agent preferably comprising 
a first strand and a second strand, wherein at least one subunit having a formula (R-1) is 
incorporated into at least one of said strands. 




(R-1) 
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Referring to formula (R-1), X is N(C0)R'', NR' or CHj; Y is NR^ O, S, CRV^ or 
absent; and Z is CR"r" or absent. 

Each of R', R^ R^ R^ R^ and R'° is, independently, H, 0R^ OR*", (CH2)nOR^ or 
(CH2)„0R^ provided that at least one of R', R^ R^ R* r'', and R'" is OR" or OR'' and that at 
least one of R', R", R^ R^ R^ and R'" is (CH2)„OR^ or (CHaX.OR'' (when the RRMS is tenninal, 
one of r', r2, r\ r\ r', and R^° will include R" and one will include R^ when the RRMS is 
internal, two of R', R^, R^, r-*, r?, and R'** will each include an R''); further provided that 
preferably OR* may only be present with (CBaXiOR** and (CH2)„0R'' may only be present with 
0R^ 

Each of R^, R*, R", and R'^ is, independently, H, Ci-Ce alkyl optionally substituted with ■ 
1-3 R", or C(0)NB[R'; or R^ and R" together are Ca-Cs cycloalkyl optionaUy substituted with 
R'^ 

R' is C1-C20 alkyl substituted with NR^R"^; R* is d-Ce alkyl; R" is hydroxy, C1-C4 
alkoxy, or halo; and R" is NR^R'. 
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-P — O Strand 

C 



Each of A and C is, independently, O or S. 
B is OH, O', or 




is H or C1-C6 alkyl; R"* is H or a ligand; and n is 1-4. 

In a preferred embodiment the ribose is replaced with a pyrroline scaffold, and X is 
N(CO)R' or MR', Y is CR V**, and Z is absent 

In other preferred embodiments the ribose is replaced with a piperidine scaffold, and X is 
N(CO)R'' or NR^ Y is CR^'\ and Z is CR' 'r'I 

In other preferred embodiments the ribose is replaced with a piperazine scaffold, and X is 

N(CO)R'' or NR^ Y is NR\ and Z is CR"r'1 

In other preferred embodiments the ribose is replaced with a moipholino scaffold, and X 
is N(C0)R' orNR'. Y is O, and Z is CR^R'^ . 

In other preferred embodiments the ribose is replaced with a decalin scaffold, and X 
isCHz; Y is CR'r"*; and Z is CR"r"; and R^ and R' ' together are cycloalkyl. 
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In other preterred embodiments the ribose is replaced with a decalin/indane scafold and , 
and X is CH2; Y is CR'^'°; and Z is CR' 'r'^ and R^ and R" together are cycloalkyl. 

In other preferred embodiments, the ribose is replaced with a hydroxyproline scaffold. 

RRMSs described herein may be incorporated into any double-stranded RNA-like 
molecule described herein, e.g., an iRNA agent. An IRNA agent may include a duplex 
comprising a hybridized sense and antisense strand, in which the antisense strand and/or the 
sense strand may include one or more of the RRMSs described herein. An RRMS can be 
mtroduced at one or more points in one or both strands of a double-stranded iRNA agent. An 
RRMS can be placed at or near (within 1, 2, or 3 positions) of the 3' or 5' end of the sense strand 
or at near (within 2 or 3 positions of) the 3' end of the antisense strand, hi some embodiments it 
is preferred to not have aa RRMS at or near (within 1, 2, or 3 positions of) the 5' end of the 
antisense strand. An RRMS can be internal, and will preferably be positioned in regions not 
critical for antisense binding to the target. 

In an embodiment, an iRNA agent may have an RRMS at (or within 1, 2, or 3 positions 
of) the 3' end of the antisense strand. Jn an embodiment, an iRNA agent may have an RRMS at 
(or within 1, 2, or 3 positions of) the 3' end of the antisense strand and at (or within 1, 2, or 3 
positions of) the 3' end of the sense strand. In an embodiment, an iRNA agent may have an 
RRMS at (or within 1, 2, or 3 positions of) the 3' end of the antisense strand and an RRMS at the 
5' end of the sense strand, in which both ligands are located at the same end of the iRNA agent. 

In certain embodiments, two Hgands are tethered, preferably, one on each strand and are 
hydrophobic moieties. While not wishing to be bound by theory, it is believed that pairing of the 
hydrophobic ligands can stabilize the iRNA agent ^na intennolecular van der Waals interactions. 

In an embodunent, an iRNA agent may have an RRMS at (or within 1 , 2, or 3 positions 
of) the 3' end of the antisense strand and an RRMS at the 5' end of the sense strand, in which 
both RRMSs may share the same ligand (e.g., choUc acid) via connection of then individual 
tethers to separate positions on the ligand. A ligand shared between two proximal RRMSs is 
referred to herein as a "hairpin ligand." 

In other embodiments, an iRNA agent may have an RRMS at the 3' end of the sense 
strand and an RRMS at an internal position of the sense strand. An iRNA agent may have an 
RRMS at an mtemal position of the sense strand; or may have an RRMS at an internal position 
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Of the antisense strand; or may have an RRMS at an internal position of the sense strand and an 
RRMS at an internal position of the antisense strand. 

In preferred embodiments the iRNA agent includes a first and second sequences, which 
are preferably two separate molecules as opposed to two sequences located on the same strand, 
have sufficient complementarity to each other to hybridize (and thereby form a duplex region), 
e.g., under physiological conditions, e.g., under physiological conditions but not in contact with a 
helicase or other unwinding enzyme. 

It is preferred that the first and second sequences be chosen such that the ds iRNA agent 
includes a single strand or unpaired region at one or both ends of the molecule. Thus, a ds iRNA 
agent contains first and second sequences, preferable paired to contain an overhang. e.g., one or 
two 5' or 3' overhangs but preferably a 3' overhang of 2-3 nucleotides. Most embodiments 
wiU have a 3 ' overhang. Preferred sRNA agents will have single-stranded overhangs, preferably 
3' overhangs, of 1 or preferably 2 or 3 nucleotides in length at each end. The overhangs can be 
the result of one strand being longer than the other, or the result of two strands of the same length 
being staggered. 5' ends are preferably phosphorylated. 

An RNA agent, e.g., an iRNA agent, containing a preferred, but nonlimiting RRMS is 
presented as formula (R-2) in HG. 4. The carrier includes two 'liackbone attachment points" 
(hydroxyl groups), a "tethering attachment point," and a ligand, which is connected indirectly to 
the carrier via an intervening tether. The RRMS maybe the 5' or 3' terminal subunit of the RNA 
molecule, i.e., one of the two "W" groups may be a hydroxyl group, and the other «W» group 
may be a chain of two or more unmodified or modified ribonucleotides. Alternatively, the 
RRMS may occupy an internal position, and both ' W groups may be one or more unmodified 
or modified ribonucleotides. More than one RRMS may be present in a RNA molecule, e.g., an 
iRNA agent. 

The modified RNA molecule of formula (R-2) can be obtained using oKgonucleotide 
synthetic methods known in the art. In a preferi-ed embodiment, the modified RNAmolecule of 
formula (11) can be prepared by incorporating one or more of the corresponding RRMS monomer 
compounds (RRMS monomers, see, e.g.. A, B, and C in FIG 4) into a growing sense or 
antisense strand, utilizing, e.g., phosphoramidite or H-phosphonate coupling strategies. 

The RRMS monomers genetaUy include two differentiy fimctionaUzed hydroxyl groups 
(OFG' and OFG^ above), which are linked to the carrier molecule (see A in HG 4), and a 
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tethering attachment point. As used herein, the tenn "functionalized hydioxyl group" means that 
the hydroxy! proton has been replaced by another substituent As shown in representative 
structures B and C, one hydroxyl group (OFG') on the carrier is iunctionalized with a protecting 
group (PG). The other hydroxyl group (OFG^) can be fimctionalized with either (1) a liquid or 
solid phase synthesis support reagent (soUd circle) directly or indirectly through a linker, L, as m 
B, or (2) a phosphorus-containing moiety, e.g., a phosphoramidite as in C. The tethering 
attachment point may be connected to a hydrogen atom, a tether, or a tethered ligand at the time 
that the monomer is incorporated into the growing sense or antisense strand (see R in Scheme 1). 
Thus, the tethered ligand can be, but need not be attached to the monomer at the time that the 
monomer is incorporated into the growing strand. In certain embodiments, the tether, the hgand 
or the tethered ligand may be linked to a "precursor" RRMS after a "precursor" RRMS monomer 
has been incorporated into the strand. 

The (OFG') protecting group may be selected as desired, e.g., from T.W. Greene and 
P.G.M. Wuts, Protective Groups in Organic Synthesis, 2d. Ed., John Wiley and Sons (1991). 
The protecting group is preferably stable under amidite synthesis conditions, storage conditions, 
and oHgonucleotide synthesis conditions. Hydroxyl groups, -OH, are nucleophilic groups (i.e., 
Lewis bases), which react through the oxygen with electrophiles (i.e., Lewis acids). Hydroxyl 
groups in which the hydrogen has been replaced with a protecting group, e.g., a triaryhnethyl 
group or a trialkylsilyl group, are essentially unreactive as nucleophiles in displacement 
reactions, Thus, the protected hydroxyl group is useful in preventing e.g., homocoupling of . 
compounds exemphfied by structure C during oligonucleotide synthesis. A prefeired protecting 
group is the dimethoxytrityl group. 

When the OFG^ in B includes a linker, e.g., a long organic linker, connected to a soluble ■ 
or insoluble support reagent, solution or solid phase synthesis techniques can be employed to 
build up a chain of natural and/or modified ribonucleotides once OFO' is deprotected arid free to 
react as a nucleophile with another nucleoside or monomer containing an electrophilic group 
(e.g., an amidite group). Alternatively, a natural or modified ribonucleotide or 
ohgoribonucleotide cham can be coupled to monomer C via an amidite group or H-phosphonate 
group at OFGl Subsequent to this operation, OFG' can be deblocked, and the restored 
nucleophihc hydroxyl group can react with another nucleoside or monomer containing an 
electrophilic group (see FIG. 1). R' can be substituted or unsubstituted alkyl or alkenyi. In 
preferred embodiments, R' is methyl, allyl or 2-cyanoethyl. R" may a C,-Cio alkyl group, 
preferably it is a branched group containing three or more carbons, e.g., isopropyl. 
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OFG^ in B can be hydroxyl functionalized with a linker, which in turn contains a Uquid 
or solid phase synthesis support reagent at the other linker terminus. The support reagent can be 
any support medium that can support the monomers described herein. The monomer can be 
attached to an insoluble support via a linker, L, which allows the monomer (and the growing 
chain) to be solubilized in the solvent in which the support is placed. The solubilized, yet 
immobilized, monomer can react with reagents in the surrounding solvent; unreacted reagents 
and soluble by-products can be readily washed away from the solid support to which the 
monomer or monomer-derived products is attached. Alternatively, the monomer can be attached 
to a soluble support moiety, e.g., polye%lene glycol (PEG) and liquid phase synthesis 
techniques can be used to build up the chain. Linker and support medium selection is within 
skill of the art. Generally the linker may be -C(0)(CH2)qC(0)-, or -C(0)(CH2)qS-, preferably, it 
is oxalyl, succinyl or thioglycolyl. Standard control pore glass soUd phase synthesis supports can 
not be used in conjunction with fluoride labile 5' silyl protecting groups because the glass is 
degraded by fluoride with a significant reduction in the amount of fiill-length product. Fluoride- 
stable polystyrene based supports or PEG are preferred. 

Preferred carriers have the general formula (R-3) provided below. (In that structure 
preferred backbone attachment points can be chosen from or R^ or R'*; or R^ and R"* if Y 
is CRV (two positions are chosen to give two backbone attachment points, e.g., R' and R'*, or 
R" and R". Preferred tethering attachment points include R^; R^ or R* when X is CH2. The 
carriers are described below as an entity, which can be incorporated into a strand. Thus, it is 
understood that the structures also encompass the situations wherein one (in the case of a 
terminal position) or two (in the case of an internal position) of the attachment points, e.g., R^ or 
R^; R^ or R"; or R^ or R'° (when Y is CR'^r'^, is connected to the phosphate, or modified 
phosphate, e.g., sulfur containing, backbone. E.g., one of the above-named R groups-can be - 
CH2-, wherein one bond is connected to the carrier and one to a backbone atom, e.g., a linking 
oxygen or a central phosphorus atom.) 
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(R-3) 

,X is N(CO)R^ mJ or CH^; Y is m\ 0, S, CRV°; and Z is CR' 'r'^^ or absent 

Each ofR\ R\ r3, r'., r9, r.o -^^ independently. H, 0R^ or (CH,)„OR^ provided 
that at leasttwo of R>, R^R^, r\ rJ>, and R"> aie OR" and/or (CH2)„0R^ 

Each of R^ R^ R". and R« is, independentiy. a Ugand, H, C.-Q alkyi optionally 
substituted with 1-3 R". orC(0)NHR'; orR^ andR" together are Ca-Cs cycloalkyi optionally 
substituted with R". 

. R' is H, a ligand, or C-Cao alkyl substituted with NR^R"; R« is H or C-Ce alkyI- R'^ is 
hydroxy. Q-C4 alkoxy, or halo; R^^ is NR^^; r'^ is C,-Q alkyl optionally substituted ^th 
cyano, or C2.C5alkenyl;R>«isQ-Qoalkyl;andR"isaUquid or solid phase support reagent. 

L is -C(0)(CH2),C(0)-, or -C(0XCH2),S-; R» is CArs; R" is P(O)(O0H, P(0R'5)N(R» ^ 
or L-R"; R^ is H or C-Cfi alkyl; and R-* is H or a ligand. 

Each Ar is, independently, Cfi-Co aryl optionally substituted with C,-C4 alkoxy; n is 1-4; 
and q is 0-4. 

Exemplary cairiers include those in which, e.g., X is N(C0)R' or mC, Y is CR^'° and 

Zis absent; orXisN(CO)R' or NR',YisCRV°,andZisCR"R'^;orXisN(CO)R^ or NR^Y 
isNR«, and Z is CR"r'^; or X is N(CO)R^ or NR^, Y is O, and Z is CR"R-; or X is CH^- Y il 

CRVO;ZisCR"-R- and R^andR"togetherfom,C. cycloalkyi (H.z==2), or the indanl ring 

system, e.g.,XisCH.;YisCRV»;ZisCR"R-andR^andR"together form Cs cycloalkyi 
(H,z = l). 
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in certain embodiments, the carrier may be based on the pyrroline ring system or the 3- 
hydroxyprohne ring system, e.g., X is N(C0)R' or mC, Y is CRV° and Z is absent (D). OFG' 
is preferably attached to a primary carbon, e.g., an exocyclic alkylene 



0FG2 



LIGAND 
D 



group, e.g., a methylene group, connected to one of the carbons in the five-membered ring (- 
CH2OFG' in D). OFG^ is preferably attached directiy to one of the carbons in the five- 
membered ring (-OFG^ in D). For the pyrioline-based carriers. -CH2OFG' may be attached to C- 
2 and OFG^ may be attached to C-3; or -CH2OFG' may be attached to C-3 and OFO" may be 
attached to C-4.. . hi certain embodiments, CH2OFG' and OFG' may be geminally substituted to 
one of the above-referenced carbons.For the 3-hydroxyproline-based earners, -CH2OFG' may be 
attached to C-2 and OFG^ may be attached to C-4. The pyrroline- and 3-hydroxyprohne-based . 
monomers may therefore contain linkages (e.g., carbon-carbon bonds) wherein bond rotation is 
restricted about that particular linkage, e.g. restriction resulting from the presence of a ring. 
Thus, CH2OFG' and OFG^ may be cis or trans with respect to one another in any of the pairings 
delineated above Accordingly, all cis/trans isomers are expressly included. The monomers may 
also contain one or more asymmetric centers and thus occur as racemates and racemic mixtures, 
single enantiomers, individual diastereomers and diastereomeric mixtures. All such isomeric 
forms of the monomers are expressly included. The tethering attachment point is preferably 
nitrogen. 

In certain embodiments, the carrier may be based on the piperidiue ring system (E), e.g., 
XisN(CO)R'orNR',YisCR^R'o,andZisCR"R'l OFGMs preferably 
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OFG^ 
C4/ 

-j (CH2)nOFG^ 



LIGAND 



£ 



attached to a primary carbon, e.g., an exocyclic alkylene group, e.g., a methylene group (n=l) or 
ethylene group (n=^), connected to one of the carbons in the six-membered ring [-(CH2)„0FG' in 
E]. OFG^ is preferably attached directly to one of the carbons in the six-membered ring (-OFG^ 
in E). -(CH2)„0FG' and OFG^ may be disposed in a geminal manner on the ring, i.e., both 
groups maybe attached to the same carbon, e.g., at C-2, C-3, or C-4. Alternatively, - 
(CH2)„0FG' and OFG' may be disposed in a vicinal manner on the ring, i.e., both groups may be 
attached to adjacent ring carbon atoms, e.g., -(CH2)nOFG' maybe attached to C-2 and OFG^ 
may be attached to C-3; -(CH2)„0FG' may be attached to C-3 and OFG^ may be attached to C-2; 
-(CH2)nOFG' may be attached to C-3 and OFG^ may be attached to C-4; or -(CH2)„0FG' may be ; 
attached to C-4 and OFG^ may be attached to C-3. The piperidine-based monomers may 
therefore contain linkages (e.g., carbon-carbon bonds) wherein bond rotation is restricted about 
that particular linkage, e.g. restriction resulting from the presence of a ring. Thus, -(CH2)„0FG' 
and OFG^ may be cis or trans with respect to one another in any of the pairings dehneated 
above. Accordingly, all cis/trans isomers are expressly included. The monomers may also 
contain one or more asymmetric centers and thus occur as racemates and racemic mixttires, 
single enantiomers, individual diastereomers and diastereomeric mixhires. AU such isomeric 
forms of the monomers are expressly included. The tethering attachment point is preferably 
nitrogen. 
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in certain embodiments, the carrier may be based on the piperazine ring system (F), e.g., 
X is N(CO)R^ or m7, Y is NR«, and Z is CR' 'r'^ or the morpholine ring system (G), e.g.'. X is 
N(CO)R' or NR', Y is O, and Z is CR"r'1 OFG' is preferably 



I OFG^ 

-f—CHgOFG^ 



LIGAND 



F 




attached to a primary carbon, e.g., an exocyclic alkylene group, e.g., a methylene group, 
connected to one of the carbons in the six-membered ring (-CH2OFG' in F or G). OFG^ is 
preferably attached directly to one of the carbons in the six-membered rings (-OFG^ in F or G). 
For both F and G, -CH2OFG' may be attached to C-2 and OFG' may be attached to C-3; or vice 
versa. In certain embodiments, CH2OFG' and OFG^ may be geminally substituted to one of the 
above-referenced carbons.The piperazine- and moiphohne-based monomers may therefore 
contain Unkages (e.g., carbon-carbon bonds) wherein bond rotation is restricted about that 
particular Unkage, e.g. restriction resulting fo)m the presence of a ring. Thus, CH2OFG' and 
OFG^ may be cis or trans with respect to one another in any of the pairings dehneated above. 
Accordingly, all cis/trans isomers are expressly included. The monomere may also contam one 
or more asymmetric centers and thus occur as racemates and racemic mixtures, single 
enantiomers, individual diastereomers and diastereomeric mixtures. All such isomeric forms of 
the monomers are expressly included. R'" can be, e.g.. Ci-Cg alkyl, preferably CH3. The 
tethering attachment point is preferably nitrogen in bofli F and G. 

In certain embodiments, the carrier may be based on the decalin ring system, e.g., X is 
CH2; Y is CR^'O; Z is CR"r'^ and R^ and R" together fonn Cg cycloalkyl (H, z = 2), or the 
indane ring system, e.g., X is CH2; Y is CR*^'"; Z is CR' 'r'^ and R^ and R' ' together form Cs 
cycloalkyl (H, z = 1). OFG' is preferably attached to a primary caibon. 
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OFG^ 

-f- (CH2)„0FG^ 



e.g., an exocyclic methylene group (n=l) or ethylene group (n=2) connected to one of C-2, C-3, 
C-4, or C-5 [-(CH2)nOFG' in H]. OFG^ is preferably attached directly to one of C-2, C-3, C-4, 
orC-5(-OFG^inH). -(CH2)nOFG' and OFG^ may be disposed in a geminal manned on the li^g, 
i.e., both groups may be attached to the same carbon, e.g., at C-2, C-3, C-4, or C-5. 
Alternatively, -(CHj^OFG^ and OFG^ may be disposed in a vicinal manner on the ring, i.e., both 
groups may be attached to adjacent ring carbon atoms, e.g., -(CH2)„OFG* may be attached to C-2 
and OFG^ may be attached to C-3; -(CH2)„0FG' may be attached to C-3 and OFG^ may be 
attached to C-2; -(CH2)„0FG' maybe attached to C-3 and OFG^ maybe attached to C-4; or - 
(CH2)„0FG' may be attached to C-4 and OFG' may be attached to C-3; -(CH2)„0FG' may be 
attached to C-4 and OFG^ may be attached to C-5; or -(CH2)„0FG' may be attached to C-5 and 
OFG^maybeattachedto C-4. The decalin or indane-based monomers may therefore contain 
linkages (e.g., carbon-carbon bonds) wherein bond rotation is restricted about that particular 
linkage, e.g. restriction resulting from the presence of a ring. Thus, -(CH2)nOFG' and OFG^ may 
be CI* or tram with respect to one another in any of the pairings delineated above. Accordingly, 
all cis/trans isomers are expressly included. The monomers may also contain one or more 
asymmetric centers and thus occur as racemates and racemic mixtures, single enantiomers, 
individual diastereomers and diastereomeric mixtures. All such isomeric forms of the monomers 
are expressly included, hi a preferred embodiment, the substituents at C-1 and C-6 are trans 
with respect to one another. The tethering attachment point is preferably C-6 or C-1. 

Other earners may include those based on 3-hydroxyproline (J). Thus, -(CH2)nOFG' and 
OFG^ may be cis or tram with respect to one another. Accordingly, all cis/trans isomers are 
expressly included. The monomers may also contain one or more asymmetric centers 
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^GF0(CH2 




-OFG1 



LIGAND 



J 



and thus occur as racemates and racemic mixtures, single enantiomers, individual diastereomers 
and diastereomeric mixtures. All such isomeric fonns of the monomers are expressly included. 
The tethering attachment point is preferably nitrogen. 

Representative carriers are shown in FIG. 5. 

In certam embodiments, a moiety, e.g., a ligand may be connected indirectly to the carrier 
via the intemiediacy of an intervening tether. Tethers are connected to the carrier at the tethering 
attachment point (TAP) and may include any Ci-C,oo carbon-containing moiety, (e.g. C1-C75, Ci- 
C50, C1-C20, Ci-Cio, Ci-Cfi), preferably having at least one nitrogen atom. In preferred 
embodiments, the nitrogen atom forms part of a terminal amino group on the tether, which may 
serve as a connection point for the ligand. Preferred tethers (underlined) include TAP; 

TAP-CfOXCHg}^; or TAP- NR"" fCH.Y^NH. in which n is 1-6 and R"" is C,- 
Cs alkyl. and R'' is hydrogen or a Hgand. In other embodiments, the nitrogen may form part of a 
terminal oxyamino group, e.g., -ONH2, or hydrazine group, -NHNH2. The tether may optionally 
be substituted, e.g., with hydroxy, alkoxy, perhaloalkyi, and/or optionally inserted with one or ' 
more additional heteroatoms, e.g., N, O. or S. Preferred tethered ligands may include, e.g., 
TAP-fCH,lNHfLIGANnV 

TAP-goyCHANHrLTrTAND) or TAP-m""(CH,)„NHrLTGANnV 
TA P-(CH,)nONH(LIGANDY TAP- C(0)(CH7)nONHfLIGANDy or 





TAP -NR""fCH2 )n ONHfLIGAND'> : TAP-fCHj 




TAP-C(0)(CH7.)nNHNH,(LIGANDy or TAP -NR'-YCHoVNHNH.f LIGAND). 
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In other embodimeats the tether may include an electrophilic moiety, preferably at the 
terminal position of the tether. Preferred electrophilic moieties include, e.g., an aldehyde, alkyl 
halide, mesylate, tosylate, nosylate, or brosylate, or an activated carboxylic acid ester, e.g. an 
NHS ester, or a pentafluorophenyl ester. Preferred tethers (underlined) include TAP- 
l^^£HO; TAP-Cmmi^m or TAP-NR'-YCHACHO. in which n is 1-6 a^d R'"' is 
C-Ce alkyl; or TAP-fCHACfO^ONHS- TAP-aQXCI^i,£(0)^2IS; or 

TAP -NR""(CH2)nC(0)0NHS, in which n is 1-6 and R"" is C-Cg alkyl; 

TAP-{CH2i£(0)OCgF5; TAP-C£ QXCH.)X(Q) OCJ ^.: or TAP-NR::::{CIii,£(0)OC^ in 
which n is 1-6 and R"" is C-Cs alkyl; or ^(a^)^^^ TAP -C(0¥CH,>^ CH,T.rT- or TAP- 
NR""(CH2 )aC|jbLG, in which n is 1-6 and R"" is Ci-Q alkyl (LG can be a leaving groiq), 
e.g., haUde, mesylate, tosylate, nosylate, brosylate). Tethering can be cairied out by coupling a 
nucleophiUc group of a ligand, e.g., a thiol or amino group with an electrophilic group on the 
tether. 

Tethered Entities 

A wide variety of entities can be tethered to an iRNA agent, e.g., to the carrier of an 
RRMS. Examples are described below in the context of an RRMS but that is only preferred, 
entities can be coupled at other points to an iRNA agent. Preferred entities are those which 
target to the kidney, and also those that specificaUy target to tissues other than the kidney. 

Preferred moieties are ligands, which are coupled, preferably covalently, either directly or 
indirectly via an intervening tether, to the RRMS carrier. In preferred embodiments, the ligand is 
attached to the canier via an intervening tether. As discussed above, the ligand or tethered 
Ugand may be present on the RRMS monomer when the RRMS monomer is incorporated into 
the growing strand. In some embodiments, the Ugand maybe incorporated into a "precursor" 
RRMS after a "precursor" RRMS monomer has been incorporated into the growing strand. For 
example, an RRMS monomer having, e.g., an amino-terminated tether (i.e., having no associated 
Hgand), e.g., TAP-(CH2)nNH2 may be incorporated into a growing sense or antisense strand. In a 
subsequent operation, i.e., after incoiporation of the precursor monomer into the strand, a ligand 
having an electrophilic group, e.g., a pentafluorophenyl ester or aldehyde group, can 
subsequently be attached to the precursor RRMS by couphng the electrophilic group of the 
ligand with the temiinal nucleophilic group of the precursor RRMS tether. 
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in preferred embodiments, a Kgand alters the distribution, targeting or lifetime of an 
iRNA agent into which it is incorporated. Inpreferred embodiments a Hgandprovides an 
enhancedaffinityforaselectedtarget,e.g,„,oIecule.ceUorceUt3Te.compartm«^^^ a 
ceUdar or organ compartment, tissue, organ or region ofthebody,as,e.g., compared toaspeci^ 
absent suchaligand. Preferred ligands will not take part in duplex pairing inaduplexed nucleic 



acid. 



Prefen-ed hgands can improve transport, hybridization, and specificity properties and may 
also improve nuclease resistance of the resultant natural or modified oUgoribonucleotide or a 
polymenc molecule comprising any combination of monomer, described herein and/or natural or 
modified ribonucleotides. 

Ligands in general can include therapeutic modifiers, e.g., for enhancing uptake; 
3stic compounds or reporter groups e.g., for monitoring distribution; cross-linking agents- 
and nuclease-resistanceconfexringmoieties.Genemlex^ples include hpids.stero^^^^ 
sugars, proteins, peptides, polyamines, and peptide mimics. 

5 Ligands can include a naturally occurring substance, such as a protein (e.g., human serum 

albmmn (HSA). low-density lipoprotein (LDL), or globulin); carbohydrate (e.g.. a dextran 
P^ulan.chitin.chitosan.inulin,cyclodextrinorhyaluronicacid);oraKpid. Tteligandmay 
also be a recombinant or synthetic molecule, such as a synthetic polymer, e.g., a synthetic 
polyammo acid. Examples of polyamino acids include polyamino acid is a polylysine (PLL) 
poly L-aspartic acid, poly L-glutamic acid, styrene-maleic acid anhydride copolymer. poly(L^ 
lactide-co-glycolied) copolymer, divinyl ether-maleic anhydride copolymer, N-(2- 
hydroxypropyDmethacrylamide copolymer (HMPA), polyethylene glycol (^EG). polyvinyl 
alcohol (PVA), polyurethane, poly(2-ethylacryllic acid). N-isopropylacrylamide polymers, or 
polyphosphazine. Example of polyamines include: polyethylenimine. polylysine (PLL) 
spermine, spermidine. polyamine.pseudopeptide-polyamine.peptidomimeticpolya^^ 
dendnmer polyamine. arginine. amidine. protamine, cationic lipid, cationic porphyrin, 
quaternary salt of a polyamine, or an alpha helical peptide. 

Ligandscanalsoincludetargetinggroups,e.g.,aceUortissuetargetingagent eg a 
lectin, glycoprotein, lipid or protein, e.g., an antibody, that binds to a specified cell ty^e such as a 
kidney cell. A targeting group can be a thyrotropin, melanotropin, lectin, glycoprotein, surfactant 
protem A, Mucin carbohydrate, multivalent lactose, multivalent galactose. N-acetyl- 
galactosamine. N-acetyl-gulucosamine multivalent mamiose. multivalent fiicose, glycosylated 
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polyaminoacids, multivalent galactose, transferrin, bisphosphonate, polyglutamate, 
polyaspartate, a lipid, cholesterol, a steroid, bile acid, folate, vitamin B12, biotin, or an RGD 
peptide or RGD peptide mimetic. 

Other examples of ligands include dyes, intercalating agents (e-g. acridines), cross-linkers 
ie.g. psoralens mitomycin C), porphyrins (TPPC4, texaphyrin, Sapphyrin), polycyclic a«,matic 
hydrocarbons (e.g., phenazine, dihydrophenazine), artificial endonucleases (eg. EDTA), 
hpophilic molecules, e.g, cholesterol, cholic acid, adamantane acetic acid, l-pyrenebutj^c acid, 
dihydrotestosterone, l,3.Bis-0(hexadecyl)gIycerol. geranyloxyhexyl group, hexadecylglycerol. 
bomeol, menthol, 1,3-propanediol, heptadecyl group, palmitic acid, myristic acid,03- 
(oleoyl)Hthochohc acid. 03-(oleoyl)cholenic acid, dimethoxytrityl, or phenoxazine)and peptide 

conjugates (e.g., antennapedia peptide. Tat peptide), alkylating agents, phosphate, amino. 

mercapto, PEG (e.g., PEG-40K). MPEG, [MPEG^, polyamino, alkyl, substituted alkyl, 

radiolabeled markers, enzymes, haptens (e.g. biotin). transport/absorption feciUtators (J.^.. 

aspirin, vitamin E. folic acid), synthetic ribonucleases (e.g., imidazole, bisimidazole. histamine. 

imidazole clusters, acridine-imidazole conjugates. Eu3+ complexes of tetraazamacrocycles). 

dinitrophenyl, HRP, or AP. 

Ligands canbeproteins. e.g., glycoproteins, orpeptides. e.g.. molecules having a specific 
aflBnity for a co-hgand. or antibodies e.g., an antibody, that binds to a specified cell type such as 
a cancer ceU. endothelial cell, or bone cell. Ligands may also include hormones and homione 
receptors. They can also include non-peptidic species, such as lipids, lectins, carbohydrates, 
vitamins, cofactois. multivalent lactose, multivalent galactose. N-acetyl-galactosamine, N-aletyl- 
gulucosaminemultivalentmamiose.ormultivalentfucose. The ligand can be. for example, a 
lipopolysaccharide, an activator of p38 MAP kinase, or an activator of NF-<cB. 

The Ugand can be a substance. e.g, a drug, which can increase the uptake of the iRNA 
agent into the cell, for example, by disrupting the cell's cytoskeleton. e.g., by disrupting the ceU's 
microtubules, microfilaments, and/or intermediate filaments. The drug can be. for example, 
taxon, vincristine, vinblastine, cytochalasin. nocodazole, japlakinolide. latrunc^ A, phalloidin. 

swinholideA, indanocine, ormyoservin. 

The ligand can increase the uptake of the iRNA agent into the cell by activating an 
inflammatory response, for example. Exemplary Ugands that would have such an effect include 
tumor necrosis factor alpha (TNFalpha), interleukin-1 beta, or gamma interferon. 
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Itt one aspect, the Ugand is a Upid or Upid-based molecule. Such a lipid or lipid-based 
molecule preferably binds a serum protein, e.g., human serum albumin (HSA). An HSA binding 
ligand allows for distribution of the conjugate to a target tissue, e.g., a non-kidney target tissue of 
the body For example, the target tissue can be the liver, including parenchymal cells of the liver. 
Other molecules that can bind HSA can also be used as ligands. For example, neproxin or 
aspirin can be used. Alipid or lipid-based ligand can (a) increase resistance to degradation of the 
conjugate, (b) increase targeting or transport into a target cell or cell membrane, and/or (c) can be 
used to adjust binding to a serum protein, e.g., HSA. 

A lipid based ligand can be used to modulate, e.g., control the binding of the conjugate to 
a target tissue. . For example, a Kpid or lipid-based ligand that binds to HSA more strongly will 
be less likely to be targeted to the kidney and therefoiB less likely to be cleared fiom the body 
A lipid or lipid-based Ugand that binds to HSA less strongly can be used to target the conjugate 
to the kidney. 

In a preferred embodiment, the lipid based ligand binds HSA. Preferably, it binds HSA 
with a sufficient aflBnity such that the conjugate will be preferably distributed to a non-kidney 
tissue. However, it is preferred that the affinity not be so strong that the HS A-ligand binding 
cannot be reversed. 

In another preferred embodiment, the Upid based Ugand binds HSA weakly or not at all, • 
such that the conjugate will be preferably distributed to the kidney Other moieties that target to 
kidney ceUs can also be used in place of or in addition to the lipid based ligand. 

In another aspect, the ligand is a moiety, e.g., a vitamin, which is taken up by a target ceU, 
e.g., aproUferating cell. These are particularly useful for treating disorders characterized by 
unwanted cell proUferation, e.g., of the malignant or non-malignant type, e.g., cancer cells. 
Exemplary vitamins include vitamin A, E, and K. Other exemplary vitamins include are B 
vitamin, e.g., foUc acid, B12, riboflavin, biotm, pyridoxal or other vitamins or nutrients taken up 
by cancer cells. Also included are HSA and low density lipoprotein (LDL). 

In another aspect, the ligand is a cell-permeation agent, preferably a heUcal cell- 
permeation agent. Preferably, the agent is amphipathic. An exemplary agent is a peptide such as 
tat or antennopedia. If the agent is a peptide, it can be modified, including a peptidylmimetic, 
invertomers, non-peptide or pseudo-peptide linkages, and use of D-amino acids. The helical 
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agent is preferably an alpha-helical agent, which preferably has a Upophilic and a lipophobic 
phase. 

The ligand can be a peptide or peptidomimetic. A peptidomimetic (also referred to 
herein as an oligopeptidomimetic) is a molecule capable of folding into a defined three- 
dimensional structure similar to a natural peptide. The attachment of peptide and 
peptidomimetics to iRNA agents can affect pharmacokinetic distribution of the iRNA, such as by 
enhancing cellular recognition and absorption. The peptide or peptidomimetic moiety can be 
about 5-50 amino acids long, e.g., about 5, 10, 15, 20, 25, 30, 35, 40, 45, or 50 amino acids long 
(see Table 4, for example). 
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Table 4. Exemplary Cell Permeation Peptides 



Cell 
Jp6i'in63 ti on 
Peptide 


Amino acid Sequence 


Reference 


Penetratin 


RQIKIWFQNRKMKWKK (SEQ ID N0:7) 


Derossi et al, J. Biol. 
Chem. 269:10444, 
1994 


Tat fragment 
(48-60) 


GRKKRRQRRRPPQC (SEQIDNO:8) 


Vives et al., J. Biol. 
Chem., 272:16010, 
1997 


Signal 
Sequence- 


GALFLGWLGAAGSTMGAWSQPKKKRKV 
(SEQIDNO:9) 


Chaloinefa/., 
Biochem. Biophys. 
Res. Commun., 
243:601, 1998 


PVEC . 


LLULRRRIRKQAHAHSK (SEQ ID NO: 10) 


Elmquist et al., Exp. 
CeU Res., 269:237, 
2001 


Transportau 


GWTDSrSAGYLIiCINIJKAIAAljyc^ 
(SEQIDN0:11) | 


Poogae/a/.,FASEB 
J., 12:67, 1998 
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Amphiphilic 
model peptide 


KLALKLALKALKAALKLA (SEQID 
N0:I2) 


Oehlkee/fl/.,Mol. 
Ther., 2:339, 2000 


Arg9 


RRRRRRRRR (SEQIDN0:13) 


Mitchell e/ a/., J. 
Pept. Res., 56:318, 
2000 


Bacterial cell 
wall 

penneating 


KFFKFFKEFK (SEQID NO: 14) 




LL-37 


LLGDFFRKSKmOKEFKRIVQRKDFLRN 
LVPRTES (SEQID NO: 15) 




CecropinPl 


SWI^KTAKKLENSAKKRISEGIAIAIQGGP 
R (SEQID NO: 16) 


■ 


Of-delensin 


ACYCRIPACIAGERRYGTCIYQGRLWAFC 
C (SEQID NO: 17) 




b-defensin 


DHYNCVSRorinr'T v?!Ar'iJTUTT^T/-\r"T/-ii7T» 
x^xi X IN V oiauui^LyJL I oACJrlr 1 Klv^CrTCYR 

GKAKCCK (SEQID NO: 18) 




Bactenecin 


RKCRIWTRVn? /■<!FnTn-NTr».iQ\ 




PR-39 


RRRPRPPYLPRPRPPPFFPPRLPPRIPPGFPP 
RFPPRFPGKR-NH2 (SEQIDNO:20) 




Indolicidin 


[LPWKWPWWPWRR-NH2 (SEQIDNO-21) 
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A peptide or peptidomimetic can be, for example, a ceU penneation peptide, cationic 
peptide, amphipathic peptide, or hydrophobic peptide consisting primarily of Tyr, Tip or 
Phe). The peptide moiety can be a dendrimer peptide, constrained peptide or crosslinked 
peptide. The peptide moiety can be an L-peptide or D-peptide. In another alternative, the 
peptide moiety can include a hydrophobic membrane translocation sequence (MTS). An 
exemplary hydrophobic MTS-containing peptide is RFGF having the amino acid sequence 
AAVALLPAVLLALLAP (SEQ ID NO:22). An RPGF analogue {e.g., amino acid sequence 
AAIXPVLLAAP (SEQ ID NO:23)) containing a hydrophobic MTS can also be a targeting 
moiety. The peptide moiety can be a "delivery" peptide, which can carry large polar molecules 
including peptides, oligonucleotides, and protein across cell membranes. For example, 
sequences from the HIV Tat protein (GRKKRRQRRRPPQ (SEQ ID NO:24)) and the Drosophila 
Antemiapedia protein (RQKIWFQNRRMKWKK (SEQ ID NO:25)) have been found to be 
capable of functioning as delivery peptides. A peptide or peptidomimetic can be encoded by a • 
random sequence of DNA, such as a peptide identified from a phage-display hbrary, or one- 
bead-one-compound (OBOC) combinatorial library (Lam et al. Nature, 354:82-84. 1991). 
Preferably the peptide or peptidomimetic tethered to an iRNA agent via an incoiporated 
monomer unit is a cell targeting peptide such as an arginine-glycine-aspartic acid (RGD)- 
peptide, or RGD mimic. A peptide moiety can range in length from about 5 amino acids to about 
40 amino acids. The peptide moieties can have a structural modification, such as to increase 
stabiUty or direct conformational properties. Any of the structural modifications described 
below can be utilized. 

An RGD peptide moiety can be used to target a tumor cell, such as an endothelial tumor 
cell or a breast cancer tumor cell (Zitzmann et al. Cancer Res.. 62:5139-43, 2002). An RGD 
peptide can facilitate targeting of an iRNA agent to tumors of a variety of other tissues, including 
the lung, kidney, spleen, or Hver (AoM et al. Cancer Gene Therapy 8:783-787. 2001). 
Preferably, the RGD peptide will faciHtate targeting of an iRNA agent to the kidney. The RGD 
peptide can be linear or cyclic, and can be modified. e.g.. glycosylated or methylated to facilitate 
targeting to specific tissues. For example, a glycosylated RGD peptide can deUver an iRNA 
agent to a tumor cell expressing 0^63 (Haubner et al. Jour. Nucl. Med., 42:326-336, 2001). 

Peptides that target markers enriched in prohferating cells can be used. E.g., RGD 
containing peptides and peptidomimetics can target cancer cells, in particular cells that exhibit an 
OvPs integrin. Thus, one could use RGD peptides, cycUc peptides containing RGD, RGD 
peptides that include D-amino acids, as well as synthetic RGD mimics. In addition to RGD, one 
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can use other moieties that target the a.-P3 integrin Ugand. Generally, such Hgands can be used 
to control proliferating cells and angiogeneis. Preferred conjugates of this type include an iRNA 
agent that targets PECAM-1, VEGF, or other cancer gene, e.g., a cancer gene described herein. 

A "cell penneation peptide" is capable of penneating a cell, e.g., a microbial cell, such as 
a bacterial or fungal cell, or a mammalian cell, such as a human cell. A microbial cell- 
permeating peptide can be, for example, an a-helical linear peptide (e.g., LL-37 or Ceropin PI), a 
disulfide bond-containing peptide {e.g., a-defensin. /3-defensin or bactenecin), or a peptide 
containing only one or two dominating amino acids (e.g., PR-39 or indolicidin). A ceU 
permeation peptide can also include a nuclear localization signal (NLS). For example, a ceU 
penneation peptide can be a bipartite amphipathic peptide, such as MPG. which is derived fiom 
the fusion peptide domain of mv-l gp41 and the NLS ofSV40 large T antigen (Simeoni era/., 
Nucl. Acids Res. 3 1 :271 7-2724, 2003). 

In one embodiment, a targeting peptide tethered to an RRMS can be an amphipathic a- 
helical peptide. Exemplary amphipathic a-helical peptides include, but are not limited to, 
cecropins, lycotoxins, paradaxins, buforin, CPF, bombinin-like peptide (BLP), catheUcidL, 
ceratotoxins, S. clam peptides, hagfish intestinal antimicrobial peptides (HFIAPs), magaini^es, 
brevinins-2, dermaseptins, melittins, pleurocidin, H2A peptides, Xenopus peptides, esculentinis'- 
1, and caerins. A number of factors will preferably be considered to maintain the integrity of 
helix stability. For example, a maximum number of helix stabilization residues will be utilized 
(e.g., leu, ala, or lys), and a minimum number helix destabilization residues will be utilized {e.g., 
proline, or cyclic monomeric units. The capping residue will be considered (for example Gly is ' 
an exemplary N-capping residue and/or C-temiinal amidation can be used to provide an extra H- 
bond to stabilize the helix. Formation of salt bridges between residues with opposite charges, 
separated by i ± 3, or i ± 4 positions can provide stabihty. For example, cationic residues such as 
lysine, arginine, homo-arginine, ornithine or histidine can form salt bridges with the anionic 
residues glutamate or aspartate. 

Peptide and petidomimetic ligands include those having naturally occurring or modified 
peptides, e.g.. D or L peptides; a, p, or y peptides; N-methyl peptides; azapeptides; peptides 
having one or more amide, i.e., peptide, linkages replaced with one or more urea, thiourea, 
carbamate, or sulfonyl urea linkages; or cyclic peptides. 
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iRNA agents can include modified or non-naturally occuring bases, e.g., bases described 
in copending and cooAvned United States Provisional AppUcation Serial No. 60/463,772, filed on 
April 17, 2003, which is hereby incorporated by reference and/or in copending and coowned 
United States Provisional Application Serial No. 60/465,802, filed on April 25, 2003, which is 
hereby incorporated by reference. Monomers and iRNA agents which include such bases can be 
made by the methods found in United States Provisional Application Serial No. 60/463,772, filed 
on April 17, 2003, and/or in United States Provisional AppUcation Serial No. 60/465,802, filed 
on April 25, 2003. 

In addition, the invention includes iRNA agents having a modified or non-naturally 
occuring base and another element described herein. E.g., the invention includes an iRNA agent 
described herein, e.g., a palindromic iRNA agent, an iRNA agent having a non canonical pairing, 
an iRNA agent which targets a gene described herein, e.g., a gene active in the kidney, an iRNA ' 
agent having an architechire or structure described herein, an iRNA associated with an 
amphipathic delivery agent described herein, an iRNA associated with a drug deUvery module 
described herein, an iRNA agent administered as described herein, or an iRNA agent formulated 
as described herein, which also incorporates a modified or non-naturaUy occuring base. 

The synthesis and purification of oligonucleotide peptide conjugates can be performed by 
estabUshed methods. See, for example, Trufert et al. Tetrahedron, 52:3005, 1996; and 
Manoharan, "Ohgonucleotide Conjugates in Antisense Technology," in AntisensePmg 
Technology, ed. S.T. Crooke, Marcel Dekker, Inc., 2001. 

•In one embodiment of the invention, a peptidomimetic can be modified to create a 
constrained peptide that adopts a distinct and specific preferred conformation, which can 
increasethepotencyandselectivityofthepeptide. For example, the constrained peptide can be 
an azapeptide (Gante, Synthesis, 405-413, 1989). An azapeptide is synthesized by replacing tiie 
a-carbon of an amino acid with a nitrogen atom without changing the structiire of the amino add 
side chain. For example, the azapeptide can be synthesized by using hydrazine in traditional 
peptide synthesis coupling methods, such as by reacting hydrazine with a "carbonyl donor," e.g., 
phenylchloroformate. 

In one embodiment of the invention, a peptide or peptidomimetic {e.g., a peptide or 
peptidomimetic tethered to an RRAIS) can be an N-methyl peptide. N-methyl peptides are 
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composed of N-methyl amino acids, which provide an additional methyl group in the peptide 

backbone, therebypotentiallyprovidingadditionalmeansofresistance to proteolytic cleavage. 
N-methyl peptides can by synthesized by methods known in the art (see, for example, Lindgren 
et al. Trends Pharmacol. Sci. 21:99. 2000; Cell Penetrating P^ tides: Prnc^^.e,. .r.A 
AEElicadwis. Langel, ed., CRC Press, Boca Raton, FL, 2002; Fische etal, Bioconjugate. Chem. 
12: 825,2001; Wander era/.,J. Am. Chem.Soc., 124:13382,2002). For example, an Ant or Tat 
peptide can be an N-methyl peptide. 

In one embodiment of the invention, a peptide or peptidomimetic {e.g., a peptide or 
peptidomimetic tethered to an RRMS) can be a /3-peptide. ^-peptides form stable secondary 
structures such as helices, pleated sheets, turns and hairpins in solutions. Their cyclic derivatives 
can fold into nanotubes in the solid state, i^-peptides are resistant to degradation by proteolytic 
enzymes, ^-peptides can be synthesized by methods known in the art. For example, an Ant or 
Tat peptide can be a jff-peptide. 

In one embodiment of the invention, a peptide or peptidomimetic {e.g., apeptide or 
peptidomimetictetheredtoanRRMS)canbeaoligocarbamate. Ohgocarbamate peptides are 
internalized into a cell by a transport pathway facilitated by carbamate transporters. For . 
example, an Ant or Tat peptide can be an oligocarbamate. 

In one embodiment of the invention, a peptide or peptidomimetic ie.g., apeptide or 
peptidomimetic tethered to an RRMS) can be an oligourea conjugate (or an oligothiourea- • 
conjugate), in which the amide bond of a peptidomimetic is replaced with a urea moiety. 
Replacement of the amide bond provides increased resistance to degradation by proteolytic 
enzymes, e.g., proteolytic enzymes in the gastrointestinal tract In one embodiment, an oligourea 
conjugate is tefliered to an iRNA agent for use in oral deUvery. The backbone in each repeating 
unit of an oligourea peptidomimetic can be extended by one carbon atom in comparison with the 
natural amino acid. The single carbon atom extension can increase peptide stability and 
lipophiUcity, for example. An oligourea peptide can therefore be advantageous when an iRNA 
agent is directed for passage through a bacterial cell wall, or when an iRNA agent must traverse 
the blood-brain barrier, such as for the treatment of a neurological disorder, hi one embodiment, 
a hydrogen bonding unit is conjugated to the oUgourea peptide, such as to create an increased 
affinity with a receptor. For example, an Ant or Tat pepti'de can be an oligourea conjugate (or an 
oligothiourea conjugate). 
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The siRNA peptide conjugates of the invention can be afBKated with, e.g., tethered to, 
RRMSs occuiring at various positions on an iRNA agent For example, a peptide can be 
terminally conjugated, on either the sense or the antisense strand, or a peptide can be 
bisconjugated (one peptide tethered to each end, one conjugated to the sense strand, and one 
conjugated to the antisense strand). In another option, the peptide can be internally conjugated, 
such as in the loop of a short hairpin iRNA agent. In yet another option, the peptide can be 
afBIiated with a complex, such as a peptide-camer complex. 

A peptide-carrier complex consists of at least a canier molecule, which can enc^sulate 
one or more iRNA agents (such as for delivery to a biological system and/or a cell), and a 
peptide moiety tethered to the outside of the canier molecule, such as for targeting the carrier 
complex to a particular tissue or cell type. A carrier complex can carry additional targeting 
molecules on the exterior of the complex, or fusogenic agents to aid in cell deUvery. The one or 
more iRNA agents encapsulated within the carrier can be conjugated to lipophilic molecules, 
which can aid in the delivery of the agents to the interior of the carrier. 

A carrier molecule or structure can be, for example, a miceUe, a liposome (e.g., a cationic 
liposome), a nanoparticle, a microsphere, or a biodegradable polymer. A peptide moiety can be 
tethered to the carrier molecule by a variety of hnkages, such as a disulfide linkage, an acid 
labile linkage, a peptide-based linkage, an oxyamino linkage or a hydrazine linkage. For 
example, a peptide-based linkage can be a GFLG peptide. Certain linkages will have particular 
advantages, and the advantages (or disadvantages) can be considered depending on the tissue 
target or intended use. For example, peptide based linkages are stable in the blood stream but are 
suscqjtible to enzymatic cleavage in the lysosomes. 



The iRNA agents of the invention are particularly useful when targeted to the kidney. An 
iRNA agent can be targeted to the kidney by incorporation of an RRMS containing a ligand that • 
targets the kidney. 

A targeting agent that incorporates a sugar, e.g., galactose and/or analogues thereof, can 
be useful These agents target, for example, the parenchymal cells of the Uver. For example, a 
targeting moiety can include more than one or preferably two or three galactose moieties, spaced 
about 15 angstroms from each other. The targeting moiety can alternatively be lactose (e.g., 
three lactose moieties), which is glucose coupled to a galactose. The targeting moiety can also 
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beF-Acetyl-Galactosamine, N-Ac-Glucosamine. Amannose ormannose-6-phosphate targeting 
moiety can be used for macrophage targeting. 

Conjugation of an iRNA agent with a serum albumin (SA), such as human serum 
albumin, can also be used to target the iRNA agent to a non-kidney tissue, such as the liver. 

An iRNA agent targeted to the kidney by an RRMS targeting moiety described herein can 
target a gene expressed in the kidney. 

Ligands on RRMSs can include folic acid, glucose, cholesterol, cholic acid. Vitamin E, 
Vitamin K, or Vitamin A. 



The term "halo" refers to any radical of fluorine, chlorine, bromine or iodine. 

The term "alkyl" refers to a hydrocarbon chain that may be a straight chain or branched 
chain, containing the indicated number of carbon atoms. For example, C1-C12 alkyl indicates 
that the group may have from 1 to 12 (inclusive) carbon atoms in it. The tenn "haloalkyl" refers 
to an alkyl in which one or more hydrogen atoms are replaced by halo, and includes alkyl 
moieties in which all hydrogens have been replaced by halo (e.g., perfluoroalkyl). Alkyl and 
haloalkyl groups may be optionally inserted with O, N, or S. The terms "aralkyl" refers to an 
alkyl moiety in which an alkyl hydrogen atom is replaced by an aryl group. Aralkyl includes . 
groups in which more than one hydrogen atom has been replaced by an aryl group. Examples of 
"aralkyl" include benzyl, 9-fluorenyl, benzhydryl, and trityl groups. 

The tenn "alkenyl" refers to a straight or branched hydrocarbon chain containing 2-8 
carbon atoms and characterized in having one or more double bonds. Examples of a typical 
alkenyl include, but not limited to, allyl, propenyl, 2-butenyl, 3-hexenyl and 3-octenyl groups. 
The term "alkynyl" refers to a straight or branched hydrocarbon chain containing 2-8 carbon 
atoms and characterized in having one or more triple bonds. Some examples of a typical alkynyl 
are ethynyl, 2-propynyl, and 3-methylbutynyl, and propargyl. The sp^ and sp^ carbons may 
optionaUy serve as the point of attachment of the alkenyl and alkynyl groups, respectively. 

The temi "alkoxy" refers to an -0-alkyl radical. The tenn "aminoalkyl" refers to an alkyl 
substituted vwth an aminoThe tenn "mercapto" refers to an -SH radical. The tenn "thioalkoxy" 
refers to an -S-alkyl radical. 
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The tenn "alkylene" refers to a divalent alkyl (i.e., -R-), e.g., -CH2-, -CH2CH2-, and - 
CH2CH2CH2-. The tenn '%lkylenedioxo" refers to a divalent species of the structure -0-R-0-, 

in which R represents an alkylene. 

The tenn "aryl" refers to an aromatic monocycHc, bicyclic, or tricyclic hydrocarbon ring 
system, wherein any ring atom capable of substitution can be substituted by a substituent. 
Examples of aryl moieties include, but are not limited to, phenyl, naphthyl, and anthracenyl. 

The term "cycloalkyl" as employed herein includes saturated cycHc, bicyclic, tricyclic.or 
polycyclic hydrocarbon groups having 3 to 12 carbons, wherein any ring atom capable of 
substitution can be substituted by a substituent. The cycloalkyl groups herein described may also 
contain fused rings. Fused rings are rings that share a common caibon-carbon bond. Examples 
of cycloalkyl moieties include, but are not limited to, cyclohexyl, adamantyl, and norbomyl. 

The term "heterocyclyl" refers to a nonaromatic 3-10 membered monocyclic, 8-12 
membered bicyclic, or 1 1-14 membered tricycHc ring system having 1-3 heteroatoms if 
monocycUc, 1-6 heteroatoms if bicycHc, or 1-9 heteroatoms if tricyclic, said heteroatoms 
selected from O, N, or S (e.g., carbon atoms and 1-3, 1-6, or 1-9 heteroatoms of N, O, or S if 
monocyclic, bicyclic, or tricyclic, respectively), wherein any ring atom capable of substitution 
can be substituted by a substituent. The heterocyclyl groups herein described may also contain 
fused rings. Fused rings are rings that share a common carbon-carbon bond. Examples of 
heterocyclyl include, but are not limited to tetrahydiofuianyl, tetrahydropyranyl, piperidinyl, • 
morpiholino, pyrroUnyl and pyrrolidinyl. 

The term "heteroaryl" refers to an aromatic 5-8 membered monocyclic, 8-12 membered 
bicyclic, or 1 1-14 membered tricyclic ring system having 1-3 heteroatoms if monocyclic, 1-6 
heteroatoms if bicyclic, or 1-9 heteroatoms if tricyclic, said heteroatoms selected from O, N, or S 
(e.g., carbon atoms and 1-3, 1-6, or 1-9 heteroatoms of N, O, or S if monocyclic, bicycKc, or 
tricyclic, respectively), wherein any ring atom capable of substitution can be substituted by a 
substituent. 

The term «oxo" refers to an oxygen atom, which forms a carbonyl when attached to 
carbon, an N-oxide when attached to nitrogen, and a sulfoxide or sulfone when attached to sulfiu-. 

The term "acyl" refers to an alkylcarbonyl, cycloalkylcarbonyl, arylcarbonyl, 
heterocyclylcarbonyl, or heteroarylcarbonyl substituent, any of which may be further substituted 
by substituents. 
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The tenn "substituents" refers to a group "substituted" on an alkyl, cycloalkyl, alkenyl, 
alkynyl, heterocyclyl, heterocycloalkenyl, cycloalkenyl, aryl, or heteroaryl group at any atom of 
that group. Suitable substituents include, without limitation, alkyl, alkenyl, alkynyl, alkoxy, 
halo, hydroxy, cyano, nitro, amino, SO3H, sulfate, phosphate, perfluoroalkyl, perfluoroalkoxy, 
methylenedioxy, ethylenedioxy, carboxyl, 0x0, thioxo, imino (alkyl, aryl, aialkyl), S(0)„alkyl 
(where n is 0-2), S(0)„ aryl (where n is 0-2), S(0)„ heteroaryl (where n is 0-2), S(0)„ 
heterocyclyl (where n is 0-2), amine (mono-, di-, alkyl, cycloalkyl, aralkyl, hetercaralkyl, and 
combinations thereof), ester (alkyl, aralkyl, hetercaralkyl), amide (mono-, di-, alkyl, aralkyl, 
heteroaralkyl, and combinations thereof), sulfonamide (mono-, di-, alkyl, aralkyl, heteroaralkyl, 
and combinations thereof), unsubstituted aryl, unsubstituted heteroaryl, unsubstituted 
heterocyclyl, and unsubstituted cycloalkyl. In one aspect, the substituents on a group are 
independently any one single, or any subset of the aforementioned substituents. 

The terms "adeninyl, cytosinyl, guaninyl, thyminyl, and uracilyl" and the like refer to 
radicals of adenine, cytosine, guanine, thymine, and uuracil. 

As used herein, an "unusual" nucleobase can include any one of the following: 

2-methyladeninyl, 

N6-methyladeninyl, 

2-methylthio-N6-methyladeninyl, 

N6-isopentenyladeninyl, 

2-methyltliio-N6-isopentenyladeninyl, 

N6-(cis-hydroxyisopentenyl)adeninyl, 

2-methylthio-N6-(cis-hydroxyisopentenyl) adeninyl, 

N6-glycinylcarbamoyladeninyl, 

N6-threonylcarbamoyladeninyl, 

2-methylthio-N6-threonyIcarbamoyladeninyl, 

N6-methyl-N6-threonylcarbamoyladeninyl, 
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M6-liydroxynorvalylcarbamoyladeninyl, 

2- methylthio-N6-hydroxynorvalylcarbamoyladeninyl, 
N6,N6-<iimefliyladeninyl, 

3- methylcytosinyl, 
S-methylcytosinyl, 
2-thioc)rtosinyl, 
5-fonnylcytosmyl, 



N4-methylcytosmyl, 

5-hydroxymethylcytosinyl, 

1-mefhylguaninyl, 

N2-methylguardnyl, 

7-methylguaninyl, 

N2,N2-dimethylguaninyl, 



NH 




H 



96 



wo 2004/090108 



PCT/US2004/010586 





wo 2004/090108 PCTAIS2004/010586 

N2,N2,7-trimethylguaninyl, 

1-methylguaninyl, 

7-cyano-7-deazaguaninyl, 

7-aniinomethyl-7-deazaguaiiinyl, 

pseudouracilyl, 

dihydrouracilyl, 

S-methyluracUyl, 

1- methylpseudouracilyl, 

2- thiouracilyl, 

4- tliiouracilyl, 

2- thiothyminyI 

5- methyl-2-thiouracilyl, 

3- (3-animo-3-carboxypropyl)uracilyl, 
5-hydroxyuracilyl, 
5-methoxyuracilyl, 

uracilyl 5-oxyacetic add, 

uracilyl 5-oxyacetic acid methyl ester, 

5-(caiboxyhydroxymethyl)uracilyl, 

5-(caiboxyhydroxymethyl)uracilyl methyl ester, 

5-methoxycarbonyhnethyluracilyl, 

5-methoxycarbonyhnethyl-2-thiouracilyl, 
98 
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S-methylaminomethyluracilyl, 
5-methylammomethyl-2-ttuouracilyl, 
5-methylammomethyl-2-seIenouracilyl, 
5 5-carbamoylmethyluracilyl, 

S-carboxymethylaminomethyluracilyl, 

5-carboxymethylaminomethyl.2-tiiiouracayl, 
3-methyluracilyI, 

l-methyl-3-(3-amino-3-carboxypropyl)pseudouracilyl, 
0 5-carboxymethyluracilyl, 
5-methyldihydrouracilyl, or 
3-methylpseudouracilyl. 
PaMndromes 

An IWA,e.g., an iRNA agent, can haveapalindromestmcture as described herein and 
yo described in one or more of United States Provisional Application Serial No. 60/452 682 

med March7,2003;United States Provisional Application Serial No. 60/462.894,fiIed April' 
14,2003; and International Application No. PCT/US04/07070. filed March 8, 2004 all of which 
areherebyincoiporatedbyreference. H^e iRNA agents of the invention can targei more than 
one RNA region. For example, an iRNA agent can include a first and second sequence that are 
sufficientlycomplementary to each other to hybridize. The first sequence canbe complementary 
toafirst target RNA regionand the second sequence can be complementary toasecond target 
RNAregion. The fir^t and second sequences of Ihe iRNA agent can be on different RNA 
strands, and the mismatch between the first and second sequences can be less than 50% 40o/o 

300/0,200/0, 100/0, 50/0, or 10/0. ii.e first and second sequences oftheiRNA agent are^ 

RNA strand, and in a related embodiment more than 50o/o. 6O0/0, 70o/o, 8O0/0. 90%, 95%, or 1 0/0 of 

the iRNAagent can bembimolecular form. The fir^t and second sequences ofthe iRNA agent 
can be fiiUy complementary to each other. 
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The first target RNA region can be encoded by a fii^ gene and the second target RNA 
region can encoded by a second gene, or the first and second target RNA regions can be different 
regions of an RNA from a single gene. The Grst and second sequences can differ by at least 1 
nucleotide. 

5 The first and second target RNA regions can be on transcripts encoded by first and 

second sequence variants, e.g., first and second alleles, of a gene. The sequence variants can be 

mutations, or polymorphisms, for example. The first target RNA region can includeanucl^^^^ 
substitution, insertion, or deletion relative to the second target RNA region, or the second target 
RNA region can a mutant or variant of the first target region. 

) '^^^'*^^«^^°^dt^8etRNAregionscancompriseviralorhumanRNAregions The 

first and second target RNA regions can also be on variant transcripts of an oncogene or include 
differentmutationsofatumorsuppressorgenetranscript. M addition, the first and second target • 
RNA regions can correspond to hot-spots for genetic variation. 

The compositions of the invention can include mixtures of iRNA agent molecules. For 
example, one iRNA agent can contain a first sequence and a second sequence sufficiently 
complementary to each other to hybridize, and in addition the first sequence is complementary to • 
a first target RNA region and the second sequence is complementary to a second target RNA ' 
region. The mixture can also include at least one additional iRNA agent variety that includes a 
third sequence and a fourth sequence sufficiently complementaiy to each other to hybridize and 
wherethethirdsequenceiscomplementarytoathirdtargetRNAregionandthefourthsequenc^ ■ 
iscomplementarytoafourthtargetRNAregion. m addition, the fir^ or second sequence can be . 
sufficiently complementary to the third or fourth sequence to be capable of hybridizing to each 
other. The first and second sequences can be on the same or diflferent-RNA strands, and the third 
and fourth sequences can be on the same or different RNA strands. 

The target RNA. regions can be variant sequences of a viral or human RNA and in 
certain embodiments, at least two of the target RNA regions can be on variant transcripts of an 

oncogene or tumor suppressor gene. The target RNA regions can correspond to genetic hot- 
spots. 

Methods of making an iRNA agent composition can include obtaining or providing 
infomiation about aregion of an RNA of a target gene (e.g., a viral or human gene, or an 
oncogene or tumor suppressor. ..g..p53). where the region has high variability or mutational 
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frequency(e^., in humans): MSdStion^ 

region can be obtained or provided, where eachRNA target corresponds toadifferentv 
mutant of the gene (e.g., a region including the codon encoding p53 248Q and/or p53 249S) 

The zRNA agent can be constructed such lhatafixst sequence is complementary toafirstofthe 
5 Pl"-lityofvariantRNAtargets(e^.,encoding249Q)andasecondsequenceiscomplem^^^^ 
toasecondofthepluralityofvariantRNAtargetsC..^.. encoding 249S). and the fi.^ 
sequences can be sufficiently complementary to hybridize. 

Sequence analysis, e.g., to identify common mutants in the target gene, can be used to 
identifyaregionofthe target gene that has high variability or mutational frequency. Ar^^^^ 
0 ^^^^g^tgenehavingMghvariabihtyormutationalfrequencycanbeidentifiedbyobtainingo^ 
providing genotype information about the target gene from a population. 

Expression of a target gene can be modulated, e.g., doAvnregulated or silenced by 
providing an iRNA agent that has a first sequence and a second sequence suflBciently ' 
complementary to each other to hybridize. In addition, the fix^t sequence can be complement 

5 ^-fi^^ttargetRNAregionandthesecondsequencecanbecomplementarytoasecondtarget 
RNA region. 

An iRNA agent can include a fir.t sequence complementaiy to a first variant RNA target 
region andasecond sequence complementary toasecond variant RNA target region. The first 
andsecondvariantRNAtargetregionscanconespondtofirstandsecondvariantsormutantsof 
atargetgene,e^.,viralgene.tumorsuppressororoncogene. The first and second variant target 
KKA regions can include aUelic variants, mutations (.g., point mutations), or polymorphi^s of 

the target gene. The first and second variantRNA target regions can correspond to genetic hot- 
spots. 

ApluralityofiRNAagents(e.^..apanelorbank)canbepn>vided. 
Other than Canonical Watsnn-rri ck DunieY Str..Pfn>^c 

An RNA, e.g., an iRNA agent can include monomers which can form other than a 
canonicalWatson-Crick pairing with another monomer. e.g.,amonomer on another strand, such 
as those described herein and those described in United States Provisional Application Serial No 
60/465,665. filed April 25. 2003. and International AppUcationNo.PCT/US04/07070 filed 
March 8. 2004. both of which are hereby incorporated by reference 
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The use of "othef than canonical Watson-Crick pairing" between monomers of a duplex 
can be used to control, often to promote, melting of all or part of a duplex. The iRNA agent can 
include a monomer at a selected or constrained position that results in a first level of stability in 
the iRNA agent duplex (e.g., between the two separate molecules of a double stranded iRNA 
agent) and a second level of stability in a duplex between a sequence of an iRNA agent and 
another sequence molecule, e.g.. a target or ofiF-target sequence in a subject In some cases the 
second duplex has a relatively greater level of stabiUty, e.g.. in a dixpl^ between an anti-sense 
sequence of an iRNA agent and a target mRNA. In this case one or more of the monomers, the 
position of the monomers in the iRNA agent, and the target sequence (sometimes referred to 
herein as the selection or constraint parameters), are selected such that the iRNA agent duplex is 
has a comparatively lower free energy of association (which while not wishing to be bound by 
mechanism or theory, is believed to contribute to efBcacy by promoting disassociation of the 
duplec iRNA agent in the context of the RISC) while the duplex formed between an anti-sense 
targeting sequence and its target sequence, has a relatively higher free energy of association • 
(which while not wishing to be bound by mechanism or theory, is beUeved to contribute to 
efficacy by promoting association of the anti-sense sequence and the target RNA). 

In other cases the second duplex has a relatively lower level of stability, e.g., in a duplex 
between a sense sequence of an iRNA agent and an off-tareet mRNA. In this case one or more 
of the monomers, the position of the monomers in the iRNA agent, and an off-target sequence, 
are selected such that the iRNA agent duplex is has a comparatively higher free energy of ' 
association while the duplex formed between a sense targeting sequence and its off-target 
sequence, has a relatively lower free energy of association (which while not wishing to be bound 
by mechanism or theory, is believed to reduce the level of off-target silencing by contribute to 
efficacy by promoting disassociation of the duplex formed by the sense strand and the off-target 
sequence). 

Thus, inherent in the structure of the iRNA agent is the property of having a first stability 
for the intra-iRNA agent duplex and a second stability for a duplex formed between a sequence 
from the iRNA agent and another RNA, e.g., a target mRNA. As discussed above, this can be 
accomplished by judicious selection of one or more of the monomers at a selected or consfrained 
position, the selection of the position in the duplex to place the selected or constrained position, 
and selection of the sequence of a target sequence (e.g., the particular region of a target gene 
which is to be targeted). The iRNA agent sequences which satisfy these requirements are 
sometimes referred herein as consfrained sequences. Exercise of the consfraint or selection 
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parameters can e, e.g., by inspection, or by computer asdsted methods. Exercise ofthe 
parameters can result in selection of a target sequence of particular monomers to give a 
desu-ed result in tenns ofthe stability, or relative stability, of a duplex. 

Thus, m another aspect, the invention features, an iRNA agent which includes- a first 
sequencewhichtargetsafirst target regionandasecond sequence which targetsasecondtarg^ 
region. ^st and second sequences have sufficient complementarity to each other to 
hybnd.e,e.g,underphysiological conditions, e.g., under physiological conditions but not in 
contact withahelicase or other unwinding enzyme, maduplex region ofthe iRNA agenUta 
selected or constramed position, the first target region hasafir.tmonomer.and the second t^^^^ 
regionhasasecond monomer. TTae first and second monomers occupy complementary or 
coxrespondmgpositions. One. and preferably both monomers are selected such that the stability 
ofthe pamng ofthe monomers contribute toaduplex between the first and second sequence wiU 

differ form the stability ofthepaixingbetween the first or second sequence withatarget 
sequence. 

Usually,the monomers wiU be selectedCselection ofthe target sequencemay be required 
as well) such that they formapairingintheiRNA agent duplex whichhasalower free energy of 
dissociation, andalowerTm. than will bepossessed by the paring of the monomer withits 
complementary monomer inaduplex between the iRNA agent sequence andatargetRNA 



Theconstraintplaceduponthemonom^scanbeappliedataselectedsiteoratmore 
tiianoneselectedsite. By way of example, the constraint can be applied at more thanl. but less 
than 3, 4, 5, 6, or 7 sites m an iRNA agent duplex. 



^^^^^-dorselectedsitecanbepresentatanumberofpositionsintheiRNAagen, 
duplex. E.g., a contained or selected site can be present withm 3, 4, 5, or 6 positions from 

either end.3'or5'ofaduplexed sequence. Aconstrained or selected site can bepresent in the 

middle ofthe duplex region. e.g.. it canbemorethanS. 4. 5,or 6. positions from the end ofa 
duplexed region. 

In some embodiment ae<tapl« region of the SNA ag««wm have, mismatohes in 
add.t.„n.,U,e«Iec,«.„rc„nst™neddteorsi,es. Preferably it will have no more than J 2 3 
4,or5ba«s.whiohdono,fonncanonicalWatson-CMckpai,sorwhieh<lon„thybridi^ ' ' 
Oved^ngs are discussed in detail .Inhere herein b,,, are preferably about2m.oleo^^ 
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lengU,. The overhangs can be complemenlary u, the gene sequences being targeted or can be 
other sequence. IT is a pn^ferred overhang sequence. The and second iRNA agent 
sequences can also bajoh,e4e.g.. by additional bases to form.hairph, or by other n„n-b^ 



linkers. 



5 Themonomerscanbeselectedsuchthat: first and second monomers are naturally 

occurrmgribonuceotides, or modified ribonucleotides havirrgnaturallyoccurring bases, and 
whenoccupyingcomplemetary sites either do not pair and have no substantial level ofH- 
bondnrg, or fonnanon canonical Watson-Crick pairing and foananonn^icalpattemofH 
bondmg. which usually havealower free enetB-of dissociation than seen inaoanonical 

) ^^'^""-Cri^PaWng.orofl.envisepair.ogive.feeenergyofassociationwhichisIessthan 
aa, of a preselected value or is less. 4g.. than tha, of a canonical pairing. When one (o^ 
the JiNA agent sequences duplexes wilhatarget. the ast(orseoond)monomerfonnsa 
canonical W«s«>-cack pairing with the base in Uxe complemetary positi«, on the targ«. or 

fonnsanon canonical Watson-Crickp^nghavingaU^iree energy of dissociadon^^ 
hgherTma«nseeninfl,eparingintheiSNAagent.TheclassiealWats«,-Crickparingsareas 
fbllows: A.T.ac,andA-U. Non^cal Watson-Crick pairings are known in the art and 
can include. U-U. G-G. G-A™. G-A.^. and GU. 

Themonomer in one orbotk of the sequ^rces is selected such that, it does no. pair or 

fornrsapairwith its cotresp^rdingmonon^r in the ofl-er sequence which nmrnuizesstabi 

(e.g..theHbondingfor»edbetw.enthen,onomer at flre selected Site in the one sequence andits^ 

monomer at the corresponding site in flteoth^sequaKC are less stable than th.Hbondsfom>ed 

bythemon«nerone(orbod,)offlrese,uenceswia.therespecdvetargetse,uence. The 

mcmomer is one or both strands is also chosen topronrotestabiHty in one or bodrofthe duplexes 

made byastrand and ite target sequence. B.g, one or more of Are monomers and the target 

sequences areseleotedsu* that at dre selected or constrained position, there is are noHbonds 

toed, oranoncanomcal pairing is fcrmedin the iRNA agent duplex, orofl,erwise they 

otherwtsepahrtegiveaftee energy of association which is less than that ofapreselected value 

or .s less, e.g., than d.atofaeanonicalpairing,bn, when one(orbod,)se,„encesfcrmaduplex 

™|h the respective target, the pairing at the selected or constrained site isacanonical Watson- 
Crick paring. 

The inclusion of such a monomers wiU have one or more of the foUowing eifects- it wiU 
the iRNA agent duplex, it v«U destabilize interactions between the sense sequence 
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an-d unintended target sequences, sometimes referred to as off-target sequences, and duplex 
interactions between the a sequence and the intended target will not be destabihzed. 

By way of example: 

The monomer at the selected site in the first sequence includes an A (or a modified base 
which pairs with T), and the monomer in at the selected position in the second sequence is 
chosenfromamonomer which will not pair or which will fonn a non-canonical pairing, e.g., G. 
These will be useful in applications wherein the target sequence for the first sequence his a T at 
the selected position. In embodiments where both target duplexes are stabilized it is usefiil 
wherein the target sequence for the second strand has a monomer which will form a canonical 
Watson-Crick pairing with the monomer selected for the selected position in the second strand. 

The monomer at the selected site m the first sequence mcludes U (or a modified base 
which pairs with A), and the monomermat the selected position in the second sequence is 
chosen fiomamonomer which will not pair orwhich will formanon-canonical pairing, e.g.,U 
or G. These will be usefiil in apphcations wherein the target sequence for the first sequence has 
a T at the selected position, hi embodiments where both target duplexes are stabilized it is useful 
wherein the target sequence for the second strand has a monomer which will form a canonical 
Watson-Crick pairing with the monomer selected for the selected position m the second sti^d. 

The monomer at the selected site m the first sequence mcludes a G (or a modified base 
which pairs with C). and the monomer m at the selected position in the second sequence is 
chosen fiximamonomer which will not pair or which will form anon-canonical pairing, e.g., G, 
A<Hs,A,«,s.orU. These will be usefiil in apphcations wherein the target sequence for the firsl ' 
sequence has a T at the selected position, hi embodiments where both target duplexes are 
stabihzed it is usefiil wherein the target sequence for the second strand has a monomer which 

will formacanonical Watson-Crick pairing with the monomer selected for the selected position 
in the second strand. 

The monomer at the selected site m the first sequence mcludes a C (or a modified base 
which pairs with G). and the monomer m at the selected position in the second sequence is 
chosen a monomer which wiU not pah or which wiU form a non-canonical pairing. These will be 
usefiil in apphcations wherem the target sequence for the first sequence has a T at the selected 
posdtion. hi embodiments where both target duplexes are stabilized it is usefiil wherem the target 
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sequence for the second strand has-a monomer which will fonn a canonical Watson-Crick 
pairing with the monomer selected for the selected position in the second strand. 

A non-naturally occurring or modified monomer or monomers can be chosen such that 

whenanon-naturally occurring ormodified monomer occupiesapositions at the selected or 
constrained position in an iENA agent they exhibit a first free energy of dissociation and when 
one (or both) of them pairs with a naturally occurring monomer, the pair exhibits a second fiee 
energy of dissociation, which is usually higher than that of the pairing of the first and second 
monomers. E.g.. when the first and second monomere occupy complementary positions they 
either do not pair and have no substantial level of H-bonding. or form a weaker bond than one of 
them would form with a naturally occurring monomer, and reduce the stability of that duplex, but 
when the duplex dissociates at least one of the strands will fonn a duplex with a target in which 
the selected monomer will promote stabiUty.e.g., the monomer will foimamore stable pair with 
anatuially occurring monomer in the target sequence than the pairing it formed in the iRNA 



orT. 



An example of such a pairing is 2-amino A and either of a 2-thio pyrimidine analog of U 



When placed in complementary positions of the iRNA agent these monomers will pair 
verypoorlyandwiUminimize stability. However, a duplex is formed between 2 amino A and 
the U of a naturally occurring target, or a duplex is between 2-thio U and the A of a naturally 

occurring target or 2-thioTandtheAofanaturaUyoccmring target will havearelatively higher 
fi-ee energy of dissociation and be more stable. This is shown in the FIG. 1. 

. The pair shown in FIG. 1 (the 2-amino A and the 2-s U and T) is exemplary. In another 
embodiment, the monomer at the selected position in the sense strand can be a universal pairing 
moiety. A universal pairing agent will form some level of H bonding with more than one and 
preferably all other naturally occmring monomers. An examples of a universal pairing moiety is 
a monomer which includes 3-nitro pyrrole. (Examples of other candidate universal base analogs 
can be found in the art, e.g., in Loakes, 2001, NAR 29: 2437-2447, hereby incoiporated by 
reference. Examples can also be found in the section on Universal Bases below.) M these cases 
the monomer at the corresponding position of the anti-sense strand can be chosen for its abihty to 
form a duplex with the target and can include, e.g.. A, U, G, or C. 
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A sense sequence, which preferably does not target a sequence in a subject, and an anti- 
sense sequence, which targets a target gene in a subject. The sense and anti-sense sequences 
have sufficient complementarity to each other to hybridize hybridize, e.g., under physiological 
5 conditions, e.g., under physiological conditions but not in contact with a helicase or other 

unwinding enzyme. In a duplex region of the iRNA agent, at a selected or constrained position, 
Ihe monomers are selected such that: 

The monomer in the sense sequence is selected such that, it does not pair, or forms a pair 
with its corresponding monomer in the anti-sense strand which minimizes stability (e.g., the H 
) bonding fonned between the monomer at the selected site in the sense strand and its monomer at 
the corresponding site in the anti-sense strand are less stable than the H bonds formed by the • 
monomer of the anti-sense sequence and its canonical Watson-Crick partner or, if the monomer 
in the anti-sense strand includes a modified base, the natmal analog of the modified base and its 
canonical Watson-Crick partner); 

The monomer is in the corresponding position in the anti-sense strand is selected such 
that it maxunizes the stability of a duplex it forms with the target sequence, e.g., it forms a 
canonical Watson-Crick paring with the monomer in the corresponding position on the target 
stand; 

Optionally, the monomer in the sense sequence is selected such that, it does not pair, or 
forms a pair with its corresponding monomer in the anti-sense strand which minimizes stability 
wdth an ofiF-target sequence. 

The inclusion of such a monomers will have one or more of the following effects: it will 
destabilize the iRNA agent duplex, it will destabihze interactions between the sense sequence 
and unintended target sequences, sometimes referred to as off-target sequences, and duplex 
interactions between the anti-sense strand and the intended target will not be destabihzed. 

The constraint placed upon the monomers can be applied at a selected site or at more 
than one selected site. By way of example, the constraint can be appUed at more than 1 , but less 
than 3, 4, 5, 6, or 7 sites in an iRNA agent duplex. 

A constrained or selected site can be present at a number of positions in the iRNA agent 
duplex. E.g.. a constrained or selected site can be pr^ent within 3. 4, 5, or 6 positions fiom 
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either end, 3' or 5' of a duFlex^ sequence. A constrained or selected site can be present in the 
middle of the duplex region, e.g.. it can be more than 3, 4, 5, or 6, positions from the end of a 
duplexed region. 

In some embodiment the duplex region of the iRNA agent will have, mismatches, in 
5 addition to the selected or constrained site or sites. Preferably it will have no more than 1, 2, 3, 

4, or 5 bases, which do not form canonical Watson-Crick pairs or which do not hybridize.' 
Overhangs are discussed in detail elsewhere herein but are preferably about 2 nucleotides in 
length. The overhangs can be complementary to the gene sequences being targeted or can be 
other sequence. TT is a preferred overhang sequence. The first and second iRNA agent 
D sequences can also be joined, e.g.. by additional bases to form ahaiipin. or by other non-base 
linkers. 

The monomers can be selected such that: first and second monomers are naturaUy 
occurring ribonuceotides, or modified ribonucleotides having naturally occurring bases, and 
when occupying complemetary sites either do not pair and have no substantial level of H- 

i bondin&orformanoncanonicalWatson-Crickpairingandformanon-canonicalpattemofH ■ 
bonding, which usually have a lower fi:ee energy of dissociation than seen in a canonical 
Watson-Crick pairing, or otherwise pair to give afiree energy of association which is less than 
that of a preselected value or is less. e.g.. than that of a canonical pairing. When one (or both) of 
the iRNA agent sequences duplexes with a target, the first (or second) monomer forms a 

. canonical Watson-Crick pairing with the base in the complemetary position on the target, or 
formsanon canonical Watson-Crick pairinghavingahigher free energy of dissociation 
higher Tm than seen in the paring in the iRNA agent. The classical Watson-Crick parings are as 
•follows: A-T.G-CandA-U. Non-canonical Watson-Crick pairings are known in the art and 
can include. U-U. G-G, G-A^s, G-Acis, and GU. 

The monomer in one or both of the sequences is selected such that, it does not pair, or 
forms a pair with its corresponding monomer in the other sequeace which minimizes stability 
(e.g., the H bonding formed between the monomer at the selected site in the one sequence and its 
monomer at the corresponding site in the other sequence are less stable than the H bonds fonned 
by the monomer one (or both) of the sequences with the respective target sequence. The 
monomer is one or both strands is also chosen to promote stability in one or both of the duplexes 
made by a strand and its target sequence. E.g.. one or moi^ of the monomers and the target 
sequences.are selected such that at the selected or constrained position, there is are no H bonds 
108 
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formed, or a non canonical pSiSigTs fonned in the iRNA agent duplex, or otherwise they 
otherwise pair to give a free energy of association which is less than that of a preselected value 
or is less, e.g., than that of a canonical pairing, but when one (or both) sequences fonn a duplex 
with the respective target, the pairing at the selected or constrained site is a canonical Watson- 
Crick paring. 

The inclusion of such a monomers wiU have one or more of the following effects: it will 
destabilize the iRNA agent duplex, it will destabilize interactions between the sense sequence 
and unintended target sequences, sometimes referred to as off-target sequences, and duplex 
interactions between the a sequence and the intended target will not be destabilized. 

By way of example: 

The monomer at the selected site in the first sequence includes an A (or a modified base 
which paks with T), and the monomer in at the selected position in the second sequence is 
chosen torn a monomer which will not pair or which wiU form a non-canonical pairing, e.g., G. 
These will be useful m apphcations wherein the target sequence for the first sequence has a T at 
the selected position. In embodiments where both target duplexes are stabilized it is useful 
wherem the target sequence for the second strand has a monomer which will fonn a canonical 
Watson-Crick pairing with the monomer selected for the selected position in the second strand. 

The monomer at the selected site in the first sequence includes U (or a modified base 
which pairs with A), and the monomer in at the selected position in the second sequence is 
chosen fiiom a monomer which will not pair or which will form a non-canonical pairing, e.g., U 
or G. These will be useful m applications wherein the target sequence for the first sequence has 
a T at the selected position, hi embodiments where both target duplexes are stabilized it is useful 
wherein the target sequence for the second strand has a monomer which will form a canonical 
Watson-Crick pairing with the monomer selected for the selected position in the second strand. 

The monomer at the selected site in the first sequence includes a G (or a modified base 
which pairs with C), and the monomer in at the selected position in the second sequence is 
chosen fix)m a monomer which will not pan- or which will form a non-canonical pairing, e.g., G, 
Acis, Atrans, or U. These will be useful in apphcations wherem the target sequence for the first 
sequence has a T at the selected position. In embodiments where both target duplexes are 
stabilized it is useful wherein die target sequence for the second strand has a monomer which 
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will form a canonical Watson-Cr£k pairing with the monomer selected for the selected position 
in the second strand. 

The monomer at the selected site in the first sequence includes a C (or a modified base 
which pairs with G), and the monomer in at the selected position in the second sequence is 
chosen a monomer which will not pair or which will form a non-canonical pairing. These will be 
useful in apphcations wherein the target sequence for the first sequence has a T at the selected 
position. In embodiments where both target duplexes are stabilized it is useful wherein the target 
sequence for the second strand has a monomer which will form a canonical Watson-Crick 
pairing with the monomer selected for the selected position in the second strmid. 

A non-naturally occurring or modified monomer or monomers can be chosen such that 
when a non-naturaUy occurring or modified monomer occupies a positions at the selected or 
constrained position in an iRNA agent they exhibit a first free energy of dissociation and when 
one (or both) of them pairs with a naturally occurring monomer, the pair exhibits a second free 
energy of dissociation, which is usuaUy higher than that of the pairing of the first and second 
monomers. E.g.. when the first and second monomers occupy complementary positions they 
either do not pair and have no substantial level of H-bonding. or form a weaker bond than one of 
them would form with a naturally occurring monomer, and reduce the stability of that duplex, but 
when the duplex dissociates at least one of the strands will form a duplex with a target in whilh 

the selected monomer will promote stabiHty,e.g., the monomer wiUformamore stable pair with 
a naturally occurring monomer in the target sequence than the pairing it formed in the iRNA 



orT. 



An example of such a pairing is 2-amino A and either of a 2-thio pyrimidine analog of U 



When placed in complementary positions of the iRNA agent these monomers will pair 
very poorly and will minimize stability. However, a duplex is formed between 2 amino A and 
the U of a naturally occurring target, or a duplex is between 2-thio U and the A of anaturally 

occurring target or2-thioTandtheAofanaturaUy occurring target will havearelatively higher 
free energy of dissociation and be more stable. 

The monomer at the selected position in the sense strand can be a universal pairing 
moiety. A miiveisal pairing agent will form some level of H bonding with more than one and 
preferably all other naturaUy occurring monomers. An examples of a universal pairing moiety is 



wo 2004/090108 PCTAJS2004/010586 
a monomer which includes 3-nitro pyirole. (Examples of other candidate universal base analogs 
can be found in the art, e.g., in Loakes, 2001, NAR 29: 2437-2447. hereby incorporated by 
reference. Examples can also be found in the section on Universal Bases below.) In these cases 
the monomer at the corresponding position of the anti-sense strand can be chosen for its ability to 
5 form a duplex with the target and can include, e.g.. A, U, G, or C. 

iRNA agents of the invention can include: 

A sense sequence, which preferably does not target a sequence in a subject, and an anti- 
sense sequence, which targets a target gene in a subject. The sense and anti-sense sequences 
have sufBcient complementarity to each other to hybridize hybridize, e.g., under physiological 
• conditions, e.g., under physiological conditions but not in contact with a helicase or other 
unwinding enzyme. In a duplex region of the iRNA agent, at a selected or constr^ned position, 
the monomers are selected such that: 

The monomer in the sense sequence is selected such that, it does not pair, or forms a pair 
with its corresponding monomer in the anti-s.ense strand which minimizes stability (e.g., the H 
bonding formed between the monomer at the selected site in the sense strand and its monomer at 
the corresponding site in the anti-sense strand are less stable than the H bonds formed by the 
monomer of the anti-sense sequence and its canonical Watson-Crick partner or, if the monomer 
in the anti-sense strand includes a modified base, the natural analog of the modified base and its 
canonical Watson-Crick partner); 

The monomer is in the corresponding position in the anti-sense strand is selected such 
that it maximizes the stability of a duplex it forms with the target sequence, e.g., it forms a 
canonical Watson-Crick paring with the monomer in the corresponding position on the target 
stand; 

Optionally, the monomer in the sense sequence is selected such that, it does not pair, or 
fomis apair with its corresponding monomer in the anti-sense strand which minimizes stability 
with an off-target sequence. 

The inclusion of such a monomers will have one or more of the following effects: it will 
destabilize the iRNA agent duplex, it will destabilize interactions between the se 
and unintended target sequences, sometimes referred to as off-target sequences, and duplex 
interactions between the anti-sense strand and the intended target will not be destabilized. 
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The constraint placed upon the monomers can be appUed at a selected site or at more 
than one selected site. By way of example, the constraint can be appHed at more than 1, but less 
than 3, 4, 5, 6, or 7 sites in an iRNA agent duplex. 

A constrained or selected site can be present at a number of positions in the iRNA agent 
duplex. E.g., a constrained or selected site can be present within 3, 4, 5, or 6 positions fiom 
either end, 3' or 5' of a duplexed sequence. A constrained or selected site can be present in the 
middle of the duplex region, e.g., it can be more than 3, 4, 5, or 6, positions from the end of a 

duplexed region. 

The iRNA agent can be selected to target a broad spectrum of genes, mcluding any of 
the genes described herein. 

In a preferred embodiment the iRNA agent has an architecture (architecture refers to 
one or more of overall length, length of a duplex region, the presence, number, location, or 
length ofoverhangs, sing strand versus double strand form) described herein. 

E.g., the iRNA agent can be less than 30 nucleotides in length, e.g., 21-23 nucleotides. 
Preferably, the iRNA is 21 nucleotides in length and there is a duplex region of about 19 pairs. 
In one embodiment, the iRNA is 21 nucleotides in length, and the duplex region of the iRNA is 
19 nucleotides. In another embodunent, the iRNA is greater than 30 nucleotides in length. 

In some embodiment the duplex region of the iRNA agent will have, mismatches, in 
addition to the selected or conshrained site or sites. Preferably it will have no more than 1, 2, 3, 
4, or 5 bases, which do not form canonical Watson-Crick pairs or which do not hybridize. 
Overhangs are discussed m detail elsewhere herein but are preferably about 2 nucleotides in 
length. The overhangs can be coniplementary to the gene sequences being targeted or can be 
other sequence. TT is a preferred overhang sequence. The first and second iRNA agent 
sequences can also be joined, e.g., by additional bases to form a hairpin, or by other non-base 
linkers. 

One or more selection or constraint parameters can be exercised such that: monomers at 
the selected site m the sense and anti-sense sequences are both naturally occuning 
ribonucleotides, or modified ribonucleotides having naturally occurring bases, and when 
occupying complementary sites m the iRNA agent duplex either do not pair and have no 
substantial level of H-bonding, or form a non-canonical Watson-Crick pairing and thus form a 
non-canonical pattern of H bonding, which generaUy have a lower fi:ee energy of dissociation 
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aan .ee„ in a wat^n-c^ok pafcbg. or ofte^se pair to give a ftce e„«gy „f as^^tio^ which 
.s less ttan tha, of a preselected value oris les^ e.g, than ttat of a canonical pdrng. Whenone 
usuaUyfceaBti-se„sese,„enceoftheiSNAage„,se,„a,cesfi,rmsad„ple„„i«,ancther 
sequence. generaliyaseqnence in ftesubj-ect and generaayatarge. sequence, fte monomer 
= '""-"'-^■'Wa.son-CrickpaiHngwiftttebaseinftecomplemen.arypositfonon.he.arge. 
or fonns anon-canonical Wateon^M* pairing having a higher »ee energy of dissociation and'a 

hgherTm than seen in theparingbtheiRNA agent Op,ionally,whena,e other sequence ofthe 
*NA agen^ „^y ^ ^ ^ ^^^^^ ^^^^ ^^^^^^ ^^^^^ ^ 

sequence in the subject, and generally an off-targe, sequence, fl.e monomer fails to fonnsa 

10 ''-""i'^alWatson-CMckpairingwiththebaseinthecomplementarypositionontheofftarget 

sequence. e.g., it fimns or fonnsanon-canomcalWatson-Crickpairinghavingalowerftee 
energy of dissociation and a lower Tm. 

By way of example: 

themonomer at the selected site in the anti-sense stand includes anACoramodified base 
s ^^'^hpairswithTXthecoxrespondingmonomerinthetargetisaT.andthesensest.^dis 
chosen fromabase which WiU not pair orwhich will foimanoncanonical pair, e.g..G; 

*«^ononaerattheselectedsiteintheanti-sensestandincludesaU(oramodifiedbase 
whachpair. with A), the correspondingmonomer in the target is an A. and the sense strand is 
cho^senfiom amonomer which will notpair or wWch will formanon-canomc^ 

the monomer at the selected site in the anti-sense stand includes a C (or a modified base 
whichpairswitHG), the corresponding monon^er in thetargetisaCand the sense sti^d is 

chosenamonomerwhichwiUnotpair orwhich willformanon-canonicalpairing eg G A.- 
Atrans,orU;or ' ' 

th«"^°°on^erattheselectedsiteintheanti-sensestandincIudesaG(oramodifi^^ 
whachpairs with Q, the correspondingmonomer in the target isaC, and thesense strand is 
chosen fromamonomer which will notpair or which willformanon-canonicalpairing. 

^-^°^h--«n^bodimentanon-naturallyoccurringormodifiedmonomerormonomer.is 
chosen such that when itoccupiescomplementaryaposition in an iRNA agent they exhibita 
firsts^ energy of dissociation and when one(orboth)ofthempairswithanaturallyoccuning 
monomer, thepairexhibitsasecondfi-eeenergyofdi^ociation. which is usually higher than that 
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ofthepairingofthefirstandsecWrnonomers. E.g., when the first and second monome.. 
occupy compl^entary positions they either do not pair and have no substantial level ofH- 
bonding, or to a weaker bond than one of them would fomi with a naturally occurring 

monon^er, and reduce the stabiUtyofthat duplex, but when the duplex dissociates atleastoneof 
5 thestrandswiUformaduplexwithatargetinwhichtheselectedmonomerwiUpromote 

stabihty,e.g.,themonomerwiUformamore stable pair withanaturallyoccurringmonomer in 
the target sequence than the pairing it formed in the iRNA agent 

An ex^ple of such a pairing is 2-amino A and either of a2-thio pyrimidine analog of U 
or T. As IS discussed above, when placed in complementary positions of the iRNA agent these 
3 monomerswiUpairverypoorlyandwillminimizestability. However, a duplex is fonned 
between aaminoAandtheUofanatm^ly occurring target, oraduplex is formed between2- 
thioUandtheAofanatuiaUy occurring target or 2-thioTandtheAofanaturally occurring 
target wiUhavearelatively higher fiee energy of dissociation and be more stable. 

niemonomerattheselectedpositioninthesensestrHndcanbeauniver.alpairing 
moiety. Auniversal pairing agent will fomi some level ofHbonding with more than one and 
preferablyaUothernaturaUyoccurringmonomers.Anexamplesofauniversalpairing . 
amonomer which includes 3-nitropyrxole. Examples of other candidate universal base analog 
canbefoundmtheart.e.g.,inLoakes,2001,NAR29:2437-2447.herebyincorporatedby 
reference. In these cases the monomer at the cortespondingpositionoftheanti-se^^ 
be chosen for its abiUty to forxnaduplex with the target and can include, e.g.. A, U,G, ore. 

J" mother aspect, the invention features, an iRNA agent which includes: 
a sense sequence, which preferably does not target a sequence in a subject, and an anti- 
sense sequence, which targets a plurality of target sequences in a subject, wherein the targets 
differ m sequence at only 1 or a small number, e.g., no more than 5. 4, 3 or 2 positions The 
sense and anti-sense sequences have sufficient complementarity to each other to hybridize e g 
under physiological conditions, e.g., under physiological conditions but not m contact witli a ' 
hehcase or other unwinding enzyme, m the sequence of the anti-sense strand of the iRNA agent 
IS selected such that at one, some, oraUofthepositions which correspond to positions that 
differemsequence between the target sequences, the anti-sense strand will includeamonomer 
Which will fomaH-bonds with at least two different target sequences. Inapreferred example the 
anti-sense sequence willincludeauniversal or promiscuous monomer, e.g.,amonomer which 
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includes 5-XHtropynole,2-anunoA,2-tWoUor2-tMoT,or Other univ^^ 
herein. 

In apreferred embodiment the iRNA agent targets repeated sequences (which differ at 

only one orasmaUnumberofpositions from each other)inasinglegene,apIuraUtyofgenes. or 
> a viral genome, e.g., the HCV genome. 

An embodiment is illustrated in the FIGs. 2 and 3. 

M another aspect, the mvention features, detennining. e.g., by measurement or 
calculation, the stabiKtyofapairmg between monomers ataselected or constrained^^^^^^ 
the iRNA agent duplex, and preferably determinmg the stabihty for the corresponding 
a duplex between a sequence form the iRNA agent and another RNA. e.g., a taret sequence. The 
deteftmnations can be compared. An iRNA agent thus analysed can be used in the devolopement 
of a further modified iRNA agent or can be admmistered to a subject. This analysis can be 
performed successively to refine or desing opthnized iRNA agents. 

• In another aspect, the invention features, a kit which inlcudes one or more of the 
folowing an iRNA described herein, a sterile container in which the iRNA agent is discdlsed, 
and instructions for use. 

In another aspect, the invention features, an iRNA agent contdning a constramed 

sequencemadebyamethoddescribedherein.-nbeiRNAagentcantargetoneormoreofthe • . 
genes referred to herein. 

iRNA agents having constrained or selected sites, e.g., as described herem, can be used 
many way described herein. Accordingly, they iRNA agents having constrained or selected 
sites. e.g., as described herein, can be used to silence a target, e.g., in any of the methods 
descnbed herein and to target any of the genes described herem or to treat any of the disorders ■ 
described herein. iRNA agents having constrained or selected sites, e.g., as described herem, can 
be mcorporated into any of the formulations or preparations. e.g.. phannaceutical or sterile 
preparations described herem. iRNA agents having constrained or selected sites, e.g., as 
described herem, can be administered byanyofthe routes of administration descn^^ 

The temi "other than canonical Watson-Crick pairing" as used herein, refers to a pairing 
between a first monomer in a first sequence and a second monomer at the corresponding position 
in a second sequence of a duplex in which one or more of the following is true: (1) there is 
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essentially no pairing between the two, e.g., there is no significant level of H bonding between 
the monomers or binding between the monomers does not contribute in any significant way to 
the stability of the duplex; (2) the monomers are a non-canonical paring of monomers having a 
naturally occurring bases, i.e., they are other than A-T, A-U, or G-C, and they form monomer- 
monomer H bonds, although generally the H bonding pattern formed is less strong than the 
bonds formed by a canonical pairing; or(3) at least one of the monomers includes a non-naturally 
occurring bases and the H bonds formed between the monomers is, preferably formed is less 
strong than Ihe bonds formed by a canonical pairing, namely one or more of A-T, A-U, G-C. 

The term "off-target" as used herein, refers to as a sequence other than the sequence to be 
silenced. 

Universal Bases: "wild-cards" ; shape-based complementarity 

Bi-stranded, multisite replication of a base pair between difluorotoluene and adenine: confirmation by 



'inverse' sequencing. Liu, D.; Moran, S.; Kool, E. T. CTic/it Biol, 1997, 4, 919-926) 

(&q)ortance of terminal base pair hydrogen-bonding in 3'-end proofieading by flie Klenow fragment of 
DNA polymerase 1. Morales, J. C; Kool, E. T. Biochemistry, 2000, 39, 2626-2632) 



(Selective and stable DNA base pairing without hydrogen bonds. Matray, T, J.; Kool. R T. J. Am. Chem. 
Soc, 1998, 120, 6191-6192) 




F 
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(Difluorotoluene, a nonpolar isostere for thymine, codes specifically and efficiently for adenine in DNA 
Moian, S. Ren, R. X.-F.; Runmey IV, S.; Kool, E. T. J. Am. Chem. Soc, 1997. 119, 2056-2057) 



(Structure and base pairing properties of a replicable nonpolar isostere for deoxyadenosine. Guckian, K. 
6 M.; Morales, J. C; Kool, E. T. J. Org. Chem., 1998, 63, 9652-9656) 
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(Universal bases for hybridization, replication and chain tennimtion. Berger. M.; Wu. Y.; Ogawa, A. K.; 
McMinn, D. L; Schullz, P.G.; Romesberg, F. E. Micfefc^ciVfe JJes., 2000, 2 




(1. Efforts toward the expansion of the genetic alphabet: Infonmtion storage and replication with unnatural 

hydrophobic basepairs.Ogawa.A.K,Wu,Y,McMinn.D.L, Liu. J, Schultz.P.G,Romesber8 F E J Am 
Chenu Soc, 2000, 122, 3274-3287. 2. Rational design of an unnatural base pair with increased kinetic 

selectivity. Ogawa.A.K.:Wu.Y.;Berger.M,Schultz.R.G,Romesberg.F.E.y.^;„.a,e«.&.. 2000 122 
8803-8804) ' ' 
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(Efforts toward expansion of the genetic alphabet: replication of DNA with three base 
Wu, Y.; Xia, G.; Schuhz, P. G.; Romesberg, F. E. J. Am. Cliem. Soc, 2001, 123, 7439-7440) 



se pairs. Tae,E.L.; 




OH 



(1. Efforts toward expansion of the genetic alphabet: Optmization of interbase hydrophobic interactions. 
Wu, Y.; Ogawa. A. K.; Berger, M.; McMmn. D. L.; Schultz. P. G.; Romesberg. F. B. J. Am. Chem. Soc, 2000, 122, 
762 1-7632. 2. Efforts toward expansion of genetic alphabet DNA polymerase recognition of a highly stable, self- 
pairing hydrophobic base. McMinn, D. L.; Ogawa. A. EL; Wu, Y.; Lhi. J.; Schultz. P. G.; Romesberg, F. E. /. Am. 
Chem. Soc, 1999, 121, 1 1585-1 1586) 

(A stable DNA duplex containing a noiv-hydrogen-bonding and non-shape con5)lementary base couple: 
Interstrand stacking as the stabiUty determining fector. Brolschi, C; Haberli, A.; Leomann, C, J. Angew. Chem. Int 
2001, ¥0,3012-3014) 



(2,2'-Bipyridine Ligandoside: A novel building block for modifying DNA wifli intra-duplex metal 
con^lexes. Weizman, H.; Tor, Y. J. Am. Chem. Soc, 2001, 123, 3375-3376) 
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(Mmor groove hydration is criticS to the stability of DNA duplexes. Lan. T.; McLaughlin. L. W. J. Am 
m. Soc, 2000, J22, 6512-13) 



6 



(Effect of the Universal base 3-mtropyrroIe on the selectivity of neighboring natural bases. OUver. J. S.; 
Parker. K. A.; Suggs, J. W. Organic Lett., 2001. 3, 1977-1980. 2. Effect of the l-(2'-deoxy-P-D-ribofuianosyl)-3- 
mtropyrxol residue on the stability of DNA duplexes and triplexes. Amosova. O.; George J.; Fresco. J R. Nucleic 
Acids Res., 1997. 25, 1930-1 934. 3. Synthesis, structure and deoxynT^onucleic acid sequencing with a universal 
nucleosides: l-(2--deoxy-P-D-ribofuxanosyl)-3-nitropyirole. Bergstron, D. R; Zhang. P.; Toma. P. H.; Andrews. P. 
C; Nichols, R. J. Am. Chem. Soc, 1995, J 17, 1201-1209) 



( 



N— w 



OH ^ V » M 



(Model studies directed tov^dageneralbiplexDNAr^gtionschenKranovel DNA base that bindsa 
CG base-pair in an organic solvent. Ziinmenrian,S.C.;Schimtt.P.y.^^. am &c:, 1995,77^ 




2071) 



(A universal, photocleavable DNA base: nitropipeionyl 2'-deoxyriboside. J. Org. Chem., : 
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(Recognition of a single guanine bulge by 2-acylainino-l,8-naphthyridine. Nakafani. K.; Sando, S.; Saito, I. 
J. Am. Chem. Soc, 2000. 122, 2172-2177. b. Specific binding of 2-aniino-l,8.naphthyridine into single guamne 
bulge as evidenced by photooxidation of GC doublet, Nakatani, K.; Sando, S.; Yoshida, K.; Saito, I. Bioorg. Med. 
atem. Lett, 2001, 11,335-337) 




Other universal bases can have Ihe following fonnulas: 
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wherein: 

Q is N or CR'^; 
5 Q'isNorCR^^; 

Q"isNorCR'''; 
Q"'isNorCR'*'; 
Q^isNorCR^"; 
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R'^ is hydrogen, halo, hydroxy, nitro, protected hydroxy, NHj, NHR*', or NR'^1'=, Ci-Ce 
alkyl, C6-C,o aryl, Ce-Cio heteroaryl, Ca-Cg heterocyclyl, or when taken together with R^^ forms 
-OCH2O-; 

R"^ is hydrogen, halo, hydroxy, nitro, protected hydroxy, NH2, NHR'', or mi^\ Cj-Ce 
alkyl, Ce-Co aryl, Ce-Cio heteroaryl, Cj-Cg heterocyclyl, or when taken together with R'" or R'^ 

forms -OCH2O-; 

R'^ is hydrogen, halo, hydroxy, nitro, protected hydroxy, ISIH2, >JHR'', or NRV, Ci-Ce 
alkyl, Cg-Co aryl, Ce-Cio heteroaryl, Ca-Cg heterocyclyl, or when taken together with R'*^ or R*' 
forms -OCH2O-; 

R"' is hydrogen, halo, hydroxy, nitro, protected hydroxy, NHj, NHR^ orlsIR'^'=, Ci-Ce 
alkyl, Ce-Cio aiyl, Cs-Co heteroaryl, Ca-Cg heterocyclyl, or when taken together with R'**' or R^^ 
forms -0CH20-; 

R"* is hydrogen, halo, hydroxy, nitro, protected hydroxy, NH2, NHR^ or NR'*R", C-Cs 
alkyl, Cg-Co aryl, Cg-Co heteroaryl. Ca-Cg heterocyclyl, or when taken together with R'*' forms 
-OCH20-; 

R^' R'', R'\ R'\ R'\ R^\ RfiO^ r6,^ j^62^ ^63^ j^64^ ^65^ ^e6^ ^67^ ^« ^« 

R™, R'', and R^^ are each independently selected from hydrogen, halo, hydroxy, nitro, protected 
hydroxy, NHa, NHR^ or NrV, C.-Q alkyl, C2-C6 alkynyl. Cs-Cio aryl, C^-Qo heteroaryl, Ca- 
Cg heterocyclyl, NC(0)R", or NC(0)R°; 

R^^ is hydrogen, halo, hydroxy, nitro, protected hydroxy, NH2, NHR^ or NR^", Ci-Ce 
alkyl, C2-C6 alkynyl, Cg-Cio aryl, Q-Co heteroaryl, Ca-Cg heterocyclyl, NC(0)R'^ or NC(0)R°, 
or when taken together with R'^ forms a fosed aromatic ring which may be optionaUy 
substituted; 

R^** is hydrogen, halo, hydroxy, nitro, protected hydroxy, NH2, NHR^ or NR'll^ Ci-Ce 
alkyl, C2-C6 alkynyl, Cs-Cio aryl, Ce-Cio heteroaryl, Ca-Cg heterocyclyl, NC(0)R'^, orNC(0)R°, 
or when taken together with R^^ forms a fused aromatic ring which may be optionaUy 
substituted; 

R" is halo, NH2, NHR^ or NR'^I'; 

R*" is Ci-Cs alkyl or a nitrogen protecting group; 
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R"is Ci-Ce alkyl; and 
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R° is alkyl optionally substituted with halo, hydroxy, nitro, protected hydroxy 
NHR^ or NRV, C,-C. alkyl, alkynyl, Ca-C.o aryl, Q-C.o heteroaryl, Ca-Cs heterocyclyl 
NC(0)R'\orNC(0)R°. 

Examples of universal bases include: 
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An RNA, e.g., an iRNA agent, can be asymmetrically modified as described herein, and 
as described in hitemational Application Serial No. PCT/US04/07070. filed March 8, 2004, 
which is hereby incoiporated by reference. 

m addition, the invention includes iRNA agents having asymmetrical modifications and 
another element described herein. E.g., the invention includes an iRNA agent described herein 
e.g., a palmdromic iRNA agent, an iRNA agent having a non canonical pairing, an iRNA agent 
which targets a gene described herein, e.g., a gene active in the kidney, an iRNA agent having an 
architecture or structure described herein, an iRNA associated with an amphipathic delivery 
agent described herein, an iRNA associated with a drug delivery module described herein an 
iRNA agent administered as described herein, or an iRNA agent formulated as described herein, 
which also incorporates an asymmetrical modification. 

An asymmetricaUy modified iRNA agent is one in which a strand has a modification 
which is not present on the other strand. An asymmetrical modification is a modification found 

on one stmnd but not on the other strand. Anymodification,e.g.,anymodification described 
herem. can be present as an asymmetrical modification. An asymmetrical modification can 
confer any of the desired properties associated with a modification, e.g., those properties 
discussed herein. an asymmetrical modification can: confer resistance to degradation an 
alteration in half Ufe; target the iRNA agent to a particular target, e.g., to a particular tissue- 
modulate, e.g., increase or decrease, the affinity of a strand for its complement or target 

sequence; orhinder or promote modification ofateiminalmoiety,e.g., modification byakinase 
or oth^ enzymes involved in the RISC mechanism pathway. The designation of a modification 

as havmg one property does notmean that it has no other property. e.g.,amodificationrefen^ 
to as one which promotes stabilization might also enhance targeting. 

While not wishing to be bound by theory or any particular mechanistic model, it is 
bdieved that asymmetrical modification allows an iRNA agent to be optimized in view of the 
different or "asymmetrical" fiinctionsofthe sense and antisense strands. For example both 
strands can be modified to increase nuclease resistance, however, since some changes 'can inhibit 
RISC activity, these changes can be chosen for the sense stand . In addition, since some 
modifications, e.g., targeting moieties, can add large bulky groups that. e.g.. can interfere with 
the cleavage activity of the RISC complex, such modifications are preferably placed on the sense 
strand. Thus, targeting moieties, especially bulky ones (e.g. cholesterol), are preferentially added 
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to the sense strand. In one embodiment, an asymmetrical modification in which a phosphate of 
the backbone is substituted with S, e.g., a phosphorothioate modification, is present in the 
antisense strand, and a 2' modification, e.g., 2' OMe is present in the sense strand. A targeting 
moiety can be present at either (or both) the 5' or 3' end of the sense strand of the iRNA agent. In 
a preferred example, a P of the backbone is replaced with S in the antisense strand, 2'OMe is 
present in the sense strand, and a targeting moiety is added to either the 5' or 3' end of the sense 
strand of the iRNA agent. 

hi a preferred embodiment an asymmetrically modified iRNA agent has a modification 
on the sense strand which modification is not found on the antisense strand and the antisense 
strand has a modification which is not found on the sense strand. 

Each strand can include one or more asymmetrical modifications^^By way of example: 
one strand can include a first asymmetrical modification which confers a first property on the 
iRNA agent and the other strand can have a second asymmetrical modification which confers a 
second property on the iRNA. B.g., one strand, e.g., the sense strand can have a modification 
which targets the iRNA agent to a tissue, and the other strand, e.g., the antisense strand, has a 
modification which promotes hybridization with the target gene sequence. 

hi some embodiments both strands can be modified to optimize the same property, e.g., 
to increase resistance to nucleolytic degradation, but different modifications are chosen for the 
sense and the antisense strands, e.g., because tiie modifications affect oflier properties as well. 
E.g., since some changes can affect RISC activity these modifications are chosen for the sense 
strand. 

In an embodiment one strand has an asymmetrical 2' modification, e.g., a 2' OMe 
modification, and the other strand has an asymmetiical modification of the phosphate backbone, 
e.g., a phosphorothioate modification. So, m one embodiment the antisense stiand has an 
asymmetrical 2' OMe modification and the sense shrand has an asymmetiical phosphorothioate 
modification (or vice versa). In a particularly preferred embodiment the RNAi agent will have 
asymmetrical 2'-0 alkyl, preferably, 2'-0Me modifications on the sense stiand and 
asymmetrical backbone P modification, preferably a phosphothioate modification in the 
antisense stiand. There can be one or multiple 2'-0Me modifications, e.g., at least 2, 3, 4, 5, or 
6, of the subunits of the sense strand can be so modified. There can be one or multiple 
phosphorothioate modifications, e.g., at least 2, 3, 4, 5, or 6, of the subunits of the antisense 
strand can be so modified. It is preferable to have an iRNA agent wherein tiiere are multiple 2'- 
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OMe modifications on the sense strand and multiple phophorothioate modifications on the 
antisense strand. All of the subunits on one or both strands can be so modified. A particularly 
preferred embodiment of multiple asymmetric modification on both strands has a duplex region 
about 20-21, and preferably 19, submuts in length and one or two 3' overhangs of about 2 
subunits in length. 

Asymmetrical modifications are useful for promoting resistance to degradation by 
nucleases, e.g., endonucleases. iRNA agents can include one or more asymmetrical 
modifications which promote resistance to degradation. In preferred embodiments the 
modification on the antisense strand is one which will not interfere with sUencing of the target, 
e.g., one which will not interfere with cleavage of the target. Most if not all sites on a strand are 
vuberable, to some degree, to degradation by endonucleases. One can determine sites which ai« 
relatively vuhierable and insert asymmetrical modifications which inhibit degradation. It is often 
desirable to provide asymmetrical modification of a UA site in an iRNA agent, and in some 
cases it is desirable to provide the UA sequence on both strands with asymmetrical modification.., 
Examples of modifications which inhibit endonucleolytic degradation can be found herein. 
Particularly favored modifications include: 2' modification, e.g., provision of a 2' OMe moiety 
on the U. especially on a sense strand; modification of the backbone, e.g., with the replacement 
of an O with an S, in the phosphate backbone, e.g., the provision of a phosphorothioate 
modification, on the U or the A or both, especially on an antisense strand; replacement of the U 
with a C5 amino.linker, replacement of the A with a G (sequence changes are preferred to be 
located on the sense strand and not the antisense strand); and modification of the at the 2', 6', T, 
or 8' position. Preferred embodiments are those in which one or more of these modifications' are 
present on the sense but not the antisense strand, or embodiments where the antisense strand has 
fewer of such modifications. 

Asymmetrical modification can be used to inhibit degradation by exonucleases. 
Asymmetrical modifications can include those in which only one strand is modified as well as 
those in which both are modified. In prefenred embodiments the modification on the antisense 
strand is one which wiU not interfere with silencing of the target, e.g.. one which will not 
interfere with cleavage of the target. Some embodiments will have an asymmetrical 
modification on the sense strand, e.g., in a 3' overhang, e.g., at the 3' terminus, and on the 
antisense strand, e.g., in a 3' overhang, e.g., at the 3' temiinus. If the modifications introduce 
moieties of different size it is preferable that the larger be on the sense strand. If the 
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modifications introduce moieties of different charge it is preferable that the one with greater 
charge be on the sense strand. 

Examples of modifications which inhibit exonucleolytic degradation can be found herein. 
Particularly favored modifications include: 2' modification, e.g., provision of a 2' OMe moiety 
in a 3' overhang, e.g., at the 3' terminus (3' terminus means at the 3' atom of the molecule or at 
the most 3' moiety, e.g., the most 3' P or 2' position, as indicated by the context); modification 
of the backbone, e.g., with the replacement of a P with an S, e.g., the provision of a 
phosphorothioate modification, or the use of a methylated P in a 3' overhang, e.g., at the 3' 
temainus; combination of a 2' modification, e.g., provision of a 2' O Me moiety and 
modification of the backbone, e.g., with the replacement of a P with an S, e.g., the provision of a 
phosphorothioate modification, or the use of a methylated P, in a 3' overhang, e.g., at the 3' 
terminus; modification with a 3' alkyl; modification with an abasic pyrolidine in a 3' overhang, 
e.g., at the 3' terminus; modification with naproxene, ibuprofen, or other moieties which inhibit 
degradation at the 3' terminus. Preferred embodiments are those in which one or more of these 
modifications are present on the sense but not the antisense strand, or embodiments where the 
antisense strand has fewer of such modifications. 

Modifications, e.g., those described herein, which affect targeting can be provided as 
asymmetrical modifications. Targeting modifications which can inhibit silencing, e.g., by 
inhibiting cleavage of a target, can be provided as asymmetrical modifications of the sense 
strand. A biodistribution altering moiety, e.g., cholesterol, can be provided in one or more, e.g., 
two, asymmetrical modifications of the sense strand. Targeting modifications which introduce 
moieties having a relatively large molecular weight, e.g., a molecular weight of more than 400, 
500, or 1000 daltons, or which introduce a charged moiety (e.g., having more than one positive 
charge or one negative charge) can be placed on the sense strand. 

Modifications, e.g., those described herein, which modulate, e.g., increase or decrease, 
the affinity of a strand for its compliment or target, can be provided as asymmetrical 
modifications. These mclude: 5 methyl U; 5 methyl C; pseudouridine. Locked nucleic acids ,2 
thio U and 2-amino-A. In some embodiments one or more of these is provided on the antisense 
strand. 

iRNA agents have a defined structure, with a sense strand and an antisense strand, and in 
many cases short single strand overhangs, e.g., of 2 or 3 nucleotides are present at one or both 3' 
ends. Asymmetrical modification can be used to optimize the activity of such a structure, e.g., 
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bybeingplacedselectivelywithintheiRNA. E.g., the end region of the iENA agent defined by 
the 5' end of the sense strand and the 3'end of the antisense strand is important forfimction. 
TMs region can include the terminal 2, 3. or 4 paired nucleotides and any 3' overhang. In 
preferred embodiments asymmetrical modifications which result in one or more of the following 
are used: modifications of the 5' end of the sense strand which inhibit kinase activation of the 
sense strand, including. e.g., attachments of conjugates which target the molecule or the use 
modifications which protect against 5' exonucleolytic degradation; or modifications of either 
strand, but preferably the sense strand, which enhance binding between the sense and antisense 
strand and thereby promote a "tight" structure at this end of the molecule. 

The end region of the iRNA agent defined by the 3 ' end of the sense strand and the 5 'end • 
of the antisense strmid is also important for fimction. This region can include the terminal 2. 3. 
or 4 paired nucleotides and any 3' overhang. Preferred embodiments include asymmetrical 
modifications of either strand, but preferably the sense strand, which decrease binding between 
the sense and antisense strand and thereby promote an "open" structure at this end of flie 
molecule. Such modifications include placing conjugates which target the molecule or 
modifications which promote nuclease resistance on the sense strand in tins regioa Modification 
of the antisense sti^and which inhibit kinase activation are avoided in preferred embodiments. 

Exemplary modifications for asymmetiical placement in tiie sense strand include the 
following: 

(a) backbone modifications, e.g., modification of a backboneP, including replacement of 
P with S, or P substituted with alkyl or aUyl, e.g.. Me, and ditiiioates (S-P=S); these 
modifications can be used to promote nuclease resistance; 

(b) 2'-0 alkyl, e.g., 2'-0Me, 3'-0 alkyl, e.g., 3'-OMe (at terminal and/or internal 
positions); these modifications can be used to promote nuclease resistance or to enhance bmdmg 
of the sense to the antisense strand, the 3' modifications can be used at the 5' end of the sense 
strand to avoid sense strand activation by RISC; 

(c) 2'.5' linkages (with 2'-H, 2'-0H and 2'-0Me and witii P=0 or P=S) these 
modifications can be used to promote nuclease resistance or to inhibit binding of the sense to ttie 
antisense strand, or can be used at the 5' end of tiie sense strand to avoid sense strand activation 
by RISC; 
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(d) L sugars (e.g., L ribose, L-arabinose with 2'-H, 2'-OH and 2'-0Me); these 

modifications can be used to promote nuclease resistance or to inhibit binding Jfthe sense to the 
antasense strand, or can be used at the 5' end of the sense strand to avoid sense strand activation 
by RISC; 

(e) modified sugars (e.g., locked nucleic adds (LNA's), hexose nucleic acids (HNA's) 

and cyclohexene nucleic acids(CeNA's)); these modifications canbe used to promote nuclease 
resistance or to inhibit binding of the sense to the antisense strand, or can be used at the 5' end of 
the sense strand to avoid sense strand activation by RISC; 

(f) nucleobase modifications (e.g., C-5 modified pyrimidines, N-2 modified purines N-7 

modified purines, N-6 modified purines), thesemodifications can be used to promote nuclelse 
resistance or to enhance binding of the sense to the antisense strand; 

(g) cationic groups and Zwitterionic groups (preferably at a terminus), these 
modifications can be used to promote nuclease resistance; 

. (h) conjugate groups (preferably at temiinal positions), e.g., naproxen, biotin, cholesterol, 
ibuprofen, folic acid, peptides, and carbohydrates; these modifications can be used to promote ' 

nuclease resistance or to target the molecule, or can be used at the 5' end ofthe sense strand to 
• avoid sense strand activation by RISC. 

Exemplary modifications for asymmetrical placement in the antisense strand include the • 
following: 

(a) backbone modifications, e.g., modification, of a backbone P, including replacement of 
P with S, or P substituted with alkyl or allyl, e.g.. Me, and dithioates (S-P=S); 

(b) 2'-0 alkyl, e.g., 2'-OMe, (at terminal positions); 

(c) 2'-5' linkages (with 2'-H, 2'-0H and 2'-0Me) e.g., terminal at the 3' end); e.g., with 
P=0 or P=S preferably at the 3 '-end, these modifications are preferably excluded fiom the' 5 ■ end 
region as they may interfere with RISC enzyme activity such as kinase activity; 

(d) L sugars (e.g, L ribose, L-arabinose with 2'-H, 2'-OH and 2'-0Me); e.g., terminal at 
the 3 ' end; e.g., with P=0 or P=S preferably at the 3'-end, these modifications are preferably 
excluded firom the 5' end region as they may interfere with kinase activity; 
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(e) modified sugars (e.g., LNA's, HNA's and CeNA's); these modifications are 
preferably excluded from the 5' end region as they may contribute to unwanted enhancements of 
paring between the sense and antisense strands, it is often preferred to have a "loose" structure in 
the 5' region, additionally, they may interfere with kinase activitjr, 

(f) nucleobase modifications (e.g., C-5 modified pyrimidines, N-2 modified purines, N-7 
modified purines, N-6 modified purines); 

(g) cationic groups and Zwitterionic groups (preferably at a terminus); 

cationic groiq>s and Zwitterionic groups at 2'-position of sugar, 3'-position of the sugar; 
as nucleobase modifications (e.g., C-5 modified pyrimidines, N-2 modified purines, N-7 
modified purines, N-6 modified purines); 



conjugate groups (preferably at terminal positions), e,g., naproxen, biotin, cholesterol, 
ibuprofen, folic acid, peptides, and carbohydrates, but bulky groups or generally groups which 
inhibit RISC activity should are less preferred. 

The 5'-0H of the antisense strand should be kept fi:ee to promote activity. In some 
preferred embodiments modifications that promote nuclease resistance should be included at the 
3' end, particularly in the 3' overhang. 

In another aspect, the invention features a method of optimizing, e.g., stabilizing, an 
iRNA agent. The method includes selecting a sequence having activity, introducing one or more 
asymmetric modifications into the sequence, wherein the introduction of the asymmetric 
modification optimizes a property of tiie iRNA agent but does not result in a decrease in activity. 

The decrease in activity can be less than a preselected level of decrease. In preferred 
embodiments decrease in activity means a decrease of less tiian 5, 10, 20, 40, or 50 % activity, as 
compared with an otiierwise similar iRNA lacking the intioduced modification. Acti'vity can, 
e.g., be measured in vivo, or in vitro, witti a result in either being sufBcient to demonstrate tiie 
required maintenance of activity. 

The optimized property can be any property described herein and in particular tiie 
properties discussed in flie section on asymmebical modifications provided herein. The 
modification can be any asymmetiical modification. e.g., an asymmetric modification described 
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in the section on asymmetrical modifications described herein. ParticulMy preferred 
asymmetric modifications are 2'-0 alkyl modifications, e.g.. 2'-0Me modifications, particularly 
in the sense sequence, and modifications of a backbone O, particularly phosphoiothioate 
modifications, in the antisense sequence. 

In a preferred embodiment a sense sequence is selected and provided with an 
asymmetrical modification, while in other embodiments an antisense sequence is selected and 
provided with an asymmetrical modification. In some embodiments both sense and antisense 
sequences are selected and each provided with one or more asymmetrical modifications. 

Multiple asymmetric modifications can be introduced into either or both of the sense and 
antisense sequence. A sequence can have at least 2, 4, 6, 8, or more modifications and aU or 
substantially all of the monomers of a sequence can be modified. 

Table 5 shows examples having strand I Avith a selected modification and strand H with a 
selected modification. 
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5. Exemplary strand T- md strand Il-modifications 



Strand I 


Strand n 


Nuclease Resistance (e.g., 2'-OMe) 


x^xuuxdUXUULiull ^c.g., r — o ) 


Siodisttibution conjug&tc 


Protein Binding Functionality 


(e.g., Lipophile) 


(e.g., N^roxen) 


Xissuc Distribution Functionslity 


Cell Targeting Functionality 


(e.g.. Carbohydrates) 


(e.g., Folate for cancer cells) 


Tissue Distribution Fuuctionslity 


Fusogenic Functionality 


(e.g.. Kidney Cell Targetingmoieties) 


(e.g.. Polyethylene imines) 


Cancer Cell Targeting 


Fusogenic Functionality 


(e.g., RGD peptides and imines) 


(e.g., peptides) 


Nuclease Resistance (e.g., 2'-OMe) 


Increase in binding Affinity (5-Me-C, 5-Me-U, 2- 
thio-U, 2-anuno-A, G-clamp, LNA) 


Tissue Distribution Functionality 


RISC activity improving Functionality 


Helical conformation changing 
Functionalities 


Tissue Distribution Functionality 
(P=S; lipophile, carbohydrates) 
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An RNA, e.g., an iRNA agent, can have a Z-X-Y architecture or stmcture such as those 
described herein and those described in copending, co-owned United States Provisional 
AppHcation Serial No. 60/5 10,246. filed on October 9, 2003, which'is hereby incorporated by 
reference, copending, co-owned United States Provisional Application Serial No. 60/510,318. 

filed on OctoberlO, 2003, which is hereby incorporated byrefei^nce, and copending, co-lwnld 
Mtemational Application No. PCT/US04/07070, filed March 8, 2004. 

■ In addition, the invention includes iRNA agents having a Z-X-Y stmcture and another 
element described herein. E.g., the invention includes an iRNA agent described herein, e.g., a 
palindromic iRNA agent, an iRNA agent having a non canonical pairing, an iRNA agent which 
targets a gene described herein, e.g., a gene active in the kidney, an iRNA associated with an 
amphipathic delivery agent described herein, an iRNA associated with a drug deUvery module 
described herein, an iRNA agent administered as described herein, or an iRNA agent formulated 
as described herein, which also incorporates a Z-X-Y architecture. 

Thus, an iRNA agent can have a first segment, the Z region, a second segment, the X 
region, and optionally a third region, the Y region: 



Z— X— Y. 



It may be desirable to modify subunits in one or both of Zand/or Y on one hand and X on 
the other hand. In some cases they will have the same modification or the same class of 
modification but it will more often be the case that the modifications made in Z and/or Y will 
differ &om those made in X. 

The Z legion typically includes a terminus of an iRNA agent. The length of the Z region 
can vary, but will typicaUy be fiom 2-14, more preferably 2-10, subunits in length. It typically is 
single stranded, i.e., it will not base pair with bases of another strand, though it may in some 
embodiments self associate, e.g., to form a loop structure. Such structures can be formed by the 
end of a strand looping back and forming an intrastrand duplex. E.g., 2, 3, 4, 5 or more intra- 
strand bases pairs can form, having a looped out or comiecting region, typically of 2 or more 
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subunits which do not pair. This can occur at one or both ends of a strand. A typical 
embodiment of a Z region is a single strand overhang, e.g., an over hang of the lenglli described 
elsewhere herein. The Z region can thus be or include a 3' or 5' tenninal single strand. It can be 
sense or antisense strand but if it is antisense it is preferred that it is a 3- overhang. Typical 
inter-subunit bonds in the Z region include: P=0; P=S; S-P=S; P-MR,; and P-BR^. Chiral P=X, 
where X is S, N, or B) inter-subunit bonds can also be present. (These inter-subunit bonds are 
discussed in more detail elsewhere herein.) Other preferred Z region subunit modifications (also 
discussed elsewhere herein) can include: 3'-0R, 3'SR, 2'-0Me, 3'-0Me, and 2'OH 
modifications and moieties; alpha configuration bases; and V arabino modifications. 

The X region will in most cases be duplexed, in the case of a single strand iRNA agent, 
with a corresponding region of the single strand, or in the case of a double stranded iRNA agent, 
with the corresponding region of the other strand. The length of the X region can vary but will 
typically be between 10-45 and more preferably between 15 and 35 subunits. Particularly 
preferred region X's will include 1 7, 18, 19. 29, 21, 22, 23, 24, or 25 nucleotide pairs, though 
other suitable lengths are described elsewhere herein and can be used. Typical X region subunits 
include 2'-0H subunits. In typical embodiments phosphate inter-subunit bonds are preferred 
while phophorothioate or non-phosphate bonds are absent. Other modifications preferred in the 
X region include: modifications to improve binding, e.g., nucleobase modifications; cationic 
nucleobase modifications; and C-5 modified pyrimidines, e.g., allylamines. Some embodiments 
have 4 or more consecutive 2'OH subunits. While the use of phosphorothioate ii 
preferred they can be used if they connect less than 4 consecutive 2'OH subunits. 

The Y region will generally conform to the the parameters set out for the Z n 
However, the X and Z regions need not be the same, different types and numbers of 
modifications can be present, and infact, one will usually be a 3' overhang and one will usuaUy 
be a 5' overhang. 

In a preferred embodiment the iRNA agent will have a Y and'or Z region each having 
ribonucleosides in which the 2'-0H is substituted, e.g., with 2'-OMe or other alkyl; and an X 
region that includes at least four consecutive ribonucleoside subunits in which the 2'-0H 



The subunit linkages (the linkages between subunits) of an iRNA agent can be modified, 
e.g., to promote resistance to degradation. Numerous examples of such modifications are 
disclosed herein, one example of which is the phosphorothioate linkage. These modifications 
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can be provided bewteen the subnnits of any of the regions, Y, X, and Z. However, it is 
preferred that their occureceis minimized and in particnlar it is preferred that consecutive 
modified linkages be avoided. 

In a preferred embodiment the iRNA agent wiU have a Y and Z region each having 
ribonucleosides in which the 2'-0H is substituted, e.g., with2'-0Me: and an X region that 
includes at least four consecutive subunits, e.g., ribonucleoside subunits in which the 2'-OH 
remains unsubstituted. 

As mentioned above, the subunit linkages of an iRNA agent can be modified, e.g., to 
promote resistance to degradation. These modifications can be provided between the subimits of 
any of the regions. Y, X, and Z. However, it is preferred that they are minimized and in 
particular it is prefeired that consecutive modified Imkages be avoided. 

Thus, in a preferred embodiment, not all of the subunit linkages of the iRNA agent are 

modified and more preferably the maximum numberofconsecutivesubunitslmkedbyother than 
a phospodiester bond will be 2, 3, or 4. Particulary preferred iRNA agents will not have four or 
more consecutive subunits, e.g., 2'-hydroxyl ribonucleoside subunits, in which each subunits is 
joined by modified linkages - i.e. hnkages that have been modified to stabilize them &om 
degradation as compared to the phosphodiester linkages that naturally occur in RNA and DNA. 

It is particularly preferred to minimize the occurrence m region X. TTius, in prefeired 
embodiments each of the nucleoside subunit linkages m X will be phosphodiester linkages, or if 
subumt linkages in region X are modified, such modifications will be minimized. E.g., although 
the Y and/or Z regions can include inter subunit linkages which have been stabilized against 
degradation, such modifications will be minimizol in the X region, and in particular consecutive 
modifications will be minimized. Thus, in preferred embodiments the maximum nmnber of 
consecutive subunits linked by other than a phospodiester bond will be 2, 3, or 4. Particulary 
preferred X regions will not have four or more consecutive subunits, e.g., 2'-hyd«)xyl 
ribonucleoside subunits, in which each subunits is joined by modified linkages - i.e. linkages 
that have been modified to stabilize them from degradation as compared to the phosphodiester 
linkages that naturally occur in RNA and DNA. 

In a preferred embodiment Y and /or Z will be free of phosphorothioate linkages, though 
either or both may contain other modifications, e.g., other modifications ofthe subunit hnkages. 
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In a preterred embodiment region X, or in some cases, the entire iRNA agent, has no 
more than 3 or no more than 4 subunits having identical 2' moieties. 

In a preferred embodiment region X, or in some cases, the entire iRNA agent, has no 
more than 3 or no more than 4 subunits having identical subunit linkages. 

In a preferred embodiment one or more phosphorothioate Knkages (or other 
modifications of the subunit linkage) are present in Y and/or Z. but such modified linkages do 
not connect two adjacent subunits, e.g., nucleosides, having a 2' modification, e.g., a 2'-0-alkyl 
moiety. E.g., any adjacent 2'-0-alkyl moieties in the Y and/or Z, are connected by a linkage 
other than a a phosphorothioate linkage. 

In aprefened embodiment each of Y and/or Z independently has only one 
phosphorothioate linkage between adjacent subunits, e.g., nucleosides, having a 2' modification, 
e.g., 2'-0-alkyl nucleosides. If there is a second set of adjacent subunits, e.g., nucleosides, 
having a 2' modification, e.g., 2'-0-alkyl nucleosides, in Y and/or Z that second set is comiected 
by a linkage other than a phosphorothioate linkage, e.g., a modified linkage other than a 
phosphorothioate linkage. 

In a prefered embodiment each of Y and/orZ independently has more than one 
phosphorothioate linkage connecting adjacent pairs of subunits, e.g., nucleosides, having a T 
modification, e.g., 2'-0-alkyl nucleosides, but at least one pair of adjacent subunits, e.g., 
nucleosides, having a 2' modification, e.g., 2'-0.alkyl nucleosides, ai^ be comiected by a linkage 
other than a phosphorothioate linkage, e.g., a modified linkage other than a phosphorothioate 
linkage. 

In a prefered embodiment one of the above recited limitation on adjacent subunits in Y 
and or Z is combined with a limitation on the subunits in X. E.g., one or more phosphorothioate 
linkages (or other modifications of the subunit linkage) are present in Y and/or Z, but such 
modified linkages do not connect two adjacent subunits, e.g., nucleosides, having a 2' 
modification, e.g., a 2'.0-alkyl moiety. E.g., any adjacent 2'-aalkyl moieties in the Y and/or Z, 
are comiected by a hnkage other than a a phosporothioate linkage. In addition, the X region has ' 
no more than 3 or no more than 4 identical subunits, e.g., subunits having identical 2' moieties or 
the X region has no more than 3 or no more than 4 subunits having identical subunit linkages. 

A Y and/or Z region can include at least one, and preferably 2, 3 or 4 of a modification 
disclosed herein. Such modifications can be chosen, independently, from any modification 
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described herein, e.g., from nuclease resistant subunits, subunits with modified bases, submiits 
with modified intersubunit linkages, subunits with modified sugars, and subunits linked to 
another moiety, e.g., a targeting moiety. In a preferred embodiment more than 1 of such subunits 
can be present but in some emobodiments it is prefered that no more than 1 , 2, 3, or 4 of such 
modifications occur, or occur consecutively. In a prefeimi embodiment the frequency of the 
modification will differ between Yand /or Z and X. e.g.. the modification will be present one of 
Y and/or Z or X and absent in the other. 

An X region can include at least one, and preferably 2. 3 or 4 of a modification disclosed 
herein. Such modifications can be chosen, independently, from any modification desribed 
herein, e.g., from nuclease resistant submiits. submiits with modified bases, subunits with 
modified intersubmiit linkages, subunits with modified sugars, and subunits linked to another 
moiety, e.g.,atargetingmoiety. In a preferred embodiment more than 1 of such subunits can b 
present but in some emobodiments it is prefered that no more tiian 1 , 2, 3, or 4 of such 
modifications occur, or occur consecutively. 

AnRRMS(describedelswhereherein)canbeinfroducedatoneormorepointsinoneor 
both strands of a double-shranded iRNA agent. An KKVIS can be placed in a Y and/or Z region, 
at or near (witiiin 1, 2, or 3 positions) of the 3' or 5' end of the sense strand or at near (witiiin 2 
or3positionsof)the3' end of the antisense strand. In some embodiments it is preferred to not 
have an RRMS at or near (within 1, 2, or 3 positions oQ the 5' end of the antisense strand. An 

RRMS can be positioned in theXregion, and wiUpreferablybe positioned in the sense strand or 
m an area of the antisense strand not critical for antisense binding to the target. 

Differential Morti fication of Terminal Diip lRv Stahilit^, 

In one aspect, the invention features an iKNA agent which can have differential 
modification of terminal duplex stability (DMIDS). 

In addition, the invention includes iRNA agents having DMTDS and another element 
described herein. E.g., the invention includes an iRNA agent described herein, e.g., a 
palindromic iRNA agent, an iRNA agent having a non canonical pairing, an iRNA Igent which 
targets a gene described herein, e.g., a gene active in the kidney, an iRNA agent having an 
architecture or sti^cture described herein, an iRNA associated with an amphipathic delivery 
agent described herein, an iRNA associated with a drug dehvery module described herein, an 
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iRNA agent administered as described herein, or an iRNA agent formulated as described hereio, 
which also incorporates DMTDS. 



lEiNA agents can be optimized by increasiag the propensity of the duplex to disassociate 
or melt (decreasing the free energy of duplex association), in the region of the 5' end of the 
antisense strand duplex. This can be accomplished, e.g., by the inclusion of subunits which 
increase the propensity of the duplex to disassociate or melt in the region of the 5' end of the 
antisense strand. It can also be accomplished by the attachment of a ligand that increases the 
propensity of the duplex to disassociate of melt in the region of the 5'end . While not wishing to 
be bound by theory, the effect may be due to promoting the effect of an enzyme such as helicase, 
for example, promoting the effect of the enzyme in the proximity of the 5' end of the antisense 
strand. 

The inventors have also discovered that iRNA agents can be optimized by decreasing the 
propensity of the duplex to disassociate or melt (increasing the free energy of duplex 
association), in the region of the 3 ' end of the antisense sfrand duplex. This can be 
accomplished, e.g., by the inclusion of subunits which decrease the propensity of the duplex to 
disassociate or melt in the region of the 3' end of the antisense strand. It can also be 
accomplished by the attachment of ligand that decreases the propensity of the duplex to 
disassociate of melt in the region of the 5 'end. 

Modifications which increase the tendency of the 5' end of the duplex to dissociate can 
be used alone or in combination with other modifications described herein, e.g., with 
modifications which decrease the tendency of the 3 ' end of the duplex to dissociate. Likewise, 
modifications which decrease the tendency of the 3' end of the duplex to dissociate can be used 
alone or in combination with other modifications described herein, e.g., with modifications 
which increase the tendency of the 5' end of the duplex to dissociate. 

Decreasing the stability of the AS 5 'end of the duplex 

Subunit pairs can be ranked on the basis of their propensity to promote dissociation or 
melting (e.g., on the free energy of association or dissociation of a particular pairing, the simplest 
approach is to examine the pairs on an individual pair basis, though next neighbor or similar 
analysis can also be used). In terms of promoting dissociation: 

A:U is preferred over G:C; 



139 



wo 2004/090108 PCT/US2004/010586 
G:U is preferred over G:C; 
I:C is preferred over G:C (I=^osine); 

mismatches, e.g., non-canonical or other than canonical pairings (as described 
elsewhere herein) are preferred over canonical (A:T, A:U, G:C) pairings; 

pairings which include a universal base are preferred over canonical pairings. 

A typical ds iRNA agent can be diagrammed as follows: 

S 5' R,N,N2N3N4N5 [N] N.5 N., N.3 N.2 R, R2 3' 

AS 3' R3N,N2N3N4N5 [N] N.5 N.3 N.2 N.i R4 5' 

S:AS P, .P2 P3 P4 P5 P.5P.4P.3P-2P-1 5' 

S indicates the sense strand; AS indicates antisense strand; R, indicates an optional (and 
nonpreferred) 5' sense strand overhang; indicates an optional (though prefeixed) 3' sense 
overhang; R3 indicates an optional (though preferred) 3' antisense sense overhang; indicates 
an optional (and nonpreferred) 5' antisense overhang; N indicates subunits; [N] indicates that 
additional subunit pairs may be present; and P„ indicates a paring of sense N. and antisense N.. 
Overhangs are not shown in the P diagram. In some embodiments a 3 ' AS overhang coirespoiids 
to region Z. the duplex region corresponds to region X, and the 3' S strand overhang corresponds 
to region Y, as described elsewhere herein. (The diagram is not meant to imply maximum, or 
minimum lengths, on which guidance is provided elsewhere herein.) 

It is preferred that pairings which decrease the propensity to form a duplex are used at 1 
or more of the positions in the duplex at the 5' end of the AS strand. The terminal pair (the most 
5' pair in terms of the AS strand) is designated as P.,, and the subsequent pairing positions 
(going in the 3' direction in terms of the AS strand) in the duplex are designated, P.^, P.3, P^, R^, 
and so on. The preferred region in which to modify to modulate duplex formation is at P.5 ' 
throughP.,, more preferably P^throughP, , more preferably P.3 through P.,. Modification at P. 
,, is particularly prefenred, alone or with modification(s) other position(s), e.g., any of the 
positions just identified. It is preferred that at least 1. and more preferably 2, 3, 4, or 5 of the 
pairs of one of the recited regions be chosen independently fix>m the group of: 

A:U 
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I:C 

mismatched pairs, e.g., non-canonical or other than canonical pairings or pairings which 

include a universal base. 

In preferred embodiments the change in subunit needed to achieve a pairing which 
promotes dissociation will be made in the sense strand, though in some embodiments the change 
will be made in the antisense strand. 

In a preferred embodiment the at least 2, or 3, of the pairs in P.i, through P^, are pairs 
which promote disociation. 

In a preferred embodiment the at least 2, or 3, of the pairs m P.i, through P^, are A:U. 

In a preferred embodiment the at least 2, or 3, of the pairs in P.,, through P.4, are G:U. 

In a preferred embodiment the at least 2, or 3, of the pairs in P.i, through P.4, are I:C. 

In a preferred embodiment the at least 2, or 3, of the pairs in P.i, through P.4, are 
mismatched pairs, e.g., non-canonical or other than canonical pairings pairings. 

In a preferred embodiment the at least 2, or 3, of the pairs in P.i, through P.4, are pairings 
which include a universal base. 

Increasing the stability of the AS 3' end of the duplex 

Subunit pairs can be ranked on the basis of their propensity to promote stability and 
inhibit dissociation or melting (e.g., on the free energy of association or dissociation of a 
particular pairing, the simplest approach is to examine the pairs on an individual pair basis, 
though next neighbor or similar analysis can also be used). In terms of promoting duplex 
stability: 

G:C is preferred over A:U 

Watson-Crick matches (A:T, A:U, G:C) are preferred over non-canonical or other than 
canonical pairings 
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analogs that increase stability are preferred over Watson-Ciick matches (A:T, A:U, 

G:C) 

2-amino-A:U is preferred over A:U 
2-thio U or 5 Me-thio-U:A are preferred over U:A 

G-clamp (an analog of C having 4 hydrogen bonds):G is preferred over C:G 
guaaadinium-G-clamprG is preferred over C.G 
psuedo uridme:A is preferred over U: A 

sugar modifications, e.g., V modifications, e.g., 2'F, ENA, or LNA, which enhance 
binding are preferred over non-modified moieties and can be present on one or both strands to 
enhance stability of the duplex. It is preferred that pairings which increase the propensity to 
form a duplex are used at 1 or more of the positions in the duplex at the 3' end of the AS strand. 
The terminal pair (the most 3' pair in terms of the AS strand) is designated as P,, and the 
subsequent pairing positions (going in the 5' direction in terms of the AS strand) in the duplex 
are designated, P2. P3. P4, P5, and so on. The preferred region in which to modify to modulate 
duplex formation is at P5 through P,, more preferably P4 through P, , more preferably P3 through 
P, . Modification at P, , is particularly preferred, alone or with mdification(s) at other position(s), 
e.g.,any of the positions just identified. It is preferred that at least 1, and more preferably 2, 3, 4, 
or 5 of the pairs of the recited regions be chosen independently from the group of: 



G:C 

a pair having an analog that increases stability over Watson-Crick matches (A-T A-U 
G:C) ' * ' 

2-amino-A:U 

2-thio U or 5 Me-thio-U: A 

G-clamp (an analog of C having 4 hydrogen bonds):G 

guanadinium-G-clamp:G 
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psuedo uridmerA 

a pair in which one or both subunits has a sugar modification, e.g., a 2' modification, 
e.g., 2'F, ENA, or LNA, which enhance binding. 

In a preferred embodiment the at least 2, or 3. of the pairs in P.,, through P^, are pairs 
which promote duplex stability. 

In a preferred embodiment the at least 2, or 3, of the pairs in P,, through P4, are G:C. 

In apreferred embodiment the at least 2, or 3, of the pairs inP,, thn>ughP4, are apair 
having an analog that increases stabihty over Watson-Crick matches. 

In a preferred embodiment the at least 2, or 3, of the pairs in P,, through P4, are 2-amino- 



A:U. 



In a preferred embodiment the at least 2, or 3, of the pairs in P,. through P4. are 2-thio U 
or5Me-thio-U:A. 

In a preferred embodiment the at least 2. or 3. of the pairs in P,. through P4, are G- 
cIamp:G. 

In a preferred embodiment the at least 2. or 3, of the pairs in Pj, through P4, are 
guanidinium-G-clamp:G. 

In a preferred embodiment the at least 2, or 3, of the pairs in P,. through P4. are psuedo 
uridinerA. 

Inapreferred embodiment the at least 2, or 3. of the pairs inP,,throughP4,areapair in 
which one or both subunits has a sugar modification, e.g., a 2' modification, e.g.. 2'F. ENA, or 
LNA which enhances binding. 

G-clamps and guanidinium G-clamps are discussed in the following references: Hohnes 
and Gait, "The Synthesis of 2'-0-Methyl G-Clamp Containing Oligonucleotides and Their 
Inhibition of the HIV-1 Tat-TAR Interaction," Nucleosides, Nucleotides & Nucleic Acids, 
22:1259-1262, 2003; Hohnes et al, "Steric mhibition of human immunodeficiency virus iype-1 
Tat-dependent trans-activation in vitro and in cells by oHgonucleotides containing 2'-0-methyl 
G-clamp ribonucleoside analogues," Nucleic Acids Research, 3 1 :2759-2768, 2003; Wilds, et al, 
"Structural basis for recognition of guanosme by a synthetic tricychc cytosine anall^^^ 
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Guanidinium G-clamp," Helvetica Chimica Acta, 86:966-978, 2003; Rajeev, etal., "High- 
Affinity Peptide Nucleic Acid Oligomers Containing TricycHc Cytosine Analogues," Organic 
Letters, 4:4395-4398, 2002; Ausin, et al, "Synthesis of Amino- and Guanidino-G-CIamp PNA 
Monomers," Organic Letters, 4:4073-4075, 2002; Maier et al, '^Nuclease resistance of 
oligonucleotides containing the tricyclic cytosine analogues phenoxazine and 9-(2- 
aminoethoxy)-phenoxazine ("G-clamp") and origins of their nuclease resistance properties," 
Biochemistry, 41:1323-7, 2002; Flanagan, et al, "A cytosine analog that confers enhanced 
potency to antisense oUgonucleotides," Proceedings Of The National Academy Of Sciences Of 
The United States Of America, 96:3513-8, 1999. 

Simultaneously decreasing the st abihtv of the AS 5'end of the duplex and increarinff ths 
stability of the AS 3' end of the dup ley 

As is discussed above, an iRNA agent can be modified to both decrease the stabiUty of 
the AS 5'end of the duplex and increase the stability of the AS 3' end of the duplex. This can be 
effected by combining one or more of the stability decreasing modifications in the AS 5' end of 
the duplex with one or more of die stability increasing modifications in the AS 3' end of the 
duplex. Accordingly a preferred embodiment includes modification in P.j through P.i, more 
preferably P.4 through P.i and more preferably P.3 through P.,. Modification at P.,, is particularly 
prefenred, alone or with other position, e.g., the positions just identified. It is preferred that at 
least 1, and more preferably 2, 3, 4, or 5 of the pairs of one of the recited regions of the AS 5' 
end of the duplex region be chosen independently firom the group of: 

A:U 

G:U 

I:C 

mismatched pairs, e.g., non-canonical or other than canonical pairings which include a 
universal base; and 

a modification in P5 through Pi, more preferably P4 through P, and more preferably P3 
through Pi. Modification at P,, is particularly preferred, alone or with other position, e.g., the 
positions just identified. It is preferred that at least 1, and more preferably 2, 3, 4, or 5 of the 
pairs of one of the recited regions of the AS 3' end of the duplex region be chosen independentiy 
fix)m the group of: 
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G:C 

^ a pair having an analog that increases stability over Watson-Crick matches (A:T, A:U, 

2-amino-A:U 
5 2-thio U or 5 Me-thio-U:A 

G-clamp (an analog of C having 4 hydrogen bonds):G 

guanadinium-G-clamp:G 

psuedo uridine:A 

a,pairhawhichoneorbothsubunitshas,asugarmodification,e.g.,a 2'. modification. 
) e.g.,2T,ENA, or LNA, which enhance binding. 

The invention also includes methods of selecting and making iRNA agents having 
DMTDS. E.g.. when screeningatarget sequence for candidate sequences foruse as iRNA 

ag^tsone can select sequences havingaDMTOS property described herein or one which can be 
modified, preferably with as few changes as possible, especially to the 

AS strand, to provide a desired level of DMTDS. 

The invention also includes, providing a candidate iRNA agent sequence, and modiftdng 

at least onePmP,throughP, and/or atleastonePinP^throughP, to provideaDMTDS 
iRNA agent. 

DMTDS iRNA agents can be used in any method described herein, e.g.. to silence any 
gene disclosed herein, to treat any disorder described herein, in any formulation described herein 

^dgenerallyin and/or with themethods and compositions described elsewhere herein. DMTOS 
IRNA agents can incorporate other modifications described herein, e.g.. the attachment of 

targeting agents or the mclusionofmodifications which enhance stabiUty.e.g., the m^^^^^ 
nuclease resistantmonomers or theinclusionofsmglestrandoverhangs(e.g..3' AS ove^^^^ 
and/or 3 S strand overhangs) which self associate to fomi intrastrand duplex structure. 

Preferably these iRNA agents wiU have an architecture described herein. 



145 



wo 2004/090108 

Other Embodiments 



PCT/US2004/010586 



An RNA, e.g., an iRNA agent, can be produced in a cell in vivo, e.g., from exogenous 
DNA templates that are delivered into the ceU. For example, the DNA templates can be inserted 
into vectors and used as gene therapy vectors. Gene therapy vectors can be delivered to a subject 
by, for example, intravenous injection, local administration (U.S. Pat No. 5,328,470). or by 
stereotactic injection (see, e.g., Chen et al, Proc. Natl Acad. Sci. USA 91:3054-3057,' 1994). 
The phaimaceutical preparation of the gene therapy vector can include the gene therapy vector in 

an acceptable diluent, or can compriseaslow release matrix in which the gene delivery vehicle is 
imbedded. Ihc DNA templates, for example, can include two transcription muts, one that 
produces a transcript that includes the top strand of an iRNA agent and one that produces a 
transcript that includes the bottom strand of an iRNA agent. When the templates are transcribed, 

theiRNAagentisprDduced,andprocessedintosRNAagentftagmentsthatmediategene 
silencing. 

In vivo Delivery 

An iRNA agent can be linked, e.g., noncovalently linked to a polymer for the efficient 
delivery of the iRNA agent to a subject, e.g., a mammal, such as a hmnan. The iRNA agent can. 
for example, be complexed with cyclodextrin. Cyclodextrins have been used as deUvery 
vehicles of therapeutic compounds. Cyclodextrins can form inclusion complexes with drugs that 
are able to fit into the hydrophobic cavity of the cyclodextrin. In other examples, cyclodextrins 
form non-covalent associations with other biologically active molecules such as oligonucleotides 
and derivatives thereof. The use of cyclodextrins creates a water-soluble drug delivery complex, 
thatcanbemodifiedwithtargetingorotherfunctionalgroups. Cyclodextrin cellular delivery 
system for ohgonucleotides described in U.S. Pat. No. 5,691.3 16, which is hereby incorporated 
by reference, are suitable for use in methods of the invention. In this system, an oligonucleotide 
is noncovalently complexed with a cyclodextrin, or the oligonucleotide is covalently bound to 
adamantine which in turn is non-covalently associated with a cyclodextrin. 

The delivery molecule can include a linear cyclodextrin copolymer or a linear oxidized 
cyclodextrin copolymer having at least one ligand bound to the cyclodextrin copolymer. 
Delivery systems , as described in U.S. Patent No. 6.509,323. herein incorporated by reference, 
aresuitableforuseinmethodsoftheinvention. An iRNA agent can be bound to the linear 
cyclodextrin copolymer and/or a linear oxidized cyclodextrin copolymer. Either or both of the 
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cyclodextrin or oxidized cyclodexSiTcopolymers can be crosslinked to another polymer and/or 
bound to a ligand. 

A composition for iRNA delivery can employ an "inclusion complex » a molecular 
compound having the characteristic structure of an adduct. M this structure, the "host 

i molecule" spatiaUy encloses at least part of another compomid in the delivery vehicle. The 
enclosed compound (the "guest molecule") is situated in the cavity of the host molecule without 
affecting the framework structure of the host. A "host" is preferably cyclodextrin, but can be any 
of the molecules suggested in U.S. Patent Publ. 2003/0008818, herein incorporated by reference. 

Cyclodextrins can interact with a variety of ionic and molecular species, and the resulting 
inclusioncompoundsbelongtotheclassof-host-guest-complexes. Within the host-guest 
relationship, the binding sites of the host and guest molecules should be complementary in the 
stereoelectronic sense. A composition of the invention can contain at least one polymer and at 
least one therapeutic agent, generally in the form of a particulate composite of the polymer and 
therapeutic agent, e.g., the iRNA agent. The iRNA agent can contain one or more complexing 
agents. At least one polymer of the particulate composite can interact with the complexing agent 
in a host-guest or a guest-host interaction to form an inclusion complex between the polymer and 
the complexing agent. The polymer and, more particularly, the complexing agent can be used to 
introduce functionality into the composition. For example, at least one polymer of the particulate 
composite has host fimctionahty and fomis an inclusion complex with a complexing agent • 
having guest functionality. Alternatively, at least one polymer of the particulate composite has 

guestfunctionahtyandfomisaninclusioncomplexwithacomplexingagenthavinghost. 
functionaHty. A polymer of the particulate composite can also contain both host and guest ■ • 
functionalities and fomi inclusion complexes with guest complexing agents and host complexing 
agents. A polymer with functionality can. for example, facilitate cell targeting and/or ceU 
contact (e^.. targetingor contact to akidney cell), intercellular trafficking, and/or cell entry and 
release. 

Upon fonning the particulate composite, the iRNA agent may or may not retain its 

biological ortherapeutic activity. Uponrelease from the therapeutic composition, specifically^ 
from the polymer of the particulate composite, the activity of the iRNA agent is restored. 
Accordingly, the particulate composite advantageously affords the iRNA agent protection 
against loss of activity due to, for example, degradation and ofFere enhanced bioavailability. 
Thus, a composition may be used to provide stability, particularly storage or solution stability, to 
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an iRNA agent or any acW chemical compound. The iRNA agent may be further modified 

withahgandprior to or afterparticulate composite or therapeutic composition fonnation. The 
ligand canprovide further functionality. For example, the ligand can be a targeting moiety. 

Physiological P.ffi>.rtQ 

The iRNA agents described herein can be designed such that determining therapeutic 
toxicity IS made easier by the complementarity of the iRNA agent with both a human and a non- 
human ammal sequence. By these methods, an iRNA agent can consist of a sequence that is 
fbUy complementary to a nucleic acid sequence from a human and a nucleic acid sequence from 
at least one non-human animal. e.g., a non-human mammal, such as a rodent, ruminant or 

pnmate. For example, the non-human mammal can beamouse, rat, dog, pig, goat, sheep, cow, 
monkey. Pan paniscus, Pan troglodytes, Macaca mulatto, or Cynomolgus monkey. Tie sequence 
of the iRNA agent could be complementary to sequences within homologous genes, eg 
oncogenesortumorsuppressorgenes,ofthenon-humanmammaIandtheh«man By ' 
determining the toxicity of the iRNA agent in the non-human mammal, one can extrapolate the 
toxicityofthe iRNA agent inahuman.Foramore strenuous toxicity test, the iRNA agent can 
be complementary toahmnan and more than one, two or three or more, non-human 



animals. 



The methods described herein can be used to correlate any physiological effect of an 
iRNA agent on a. human. e.g., any unwanted effect, such as a toxic effect, or any positive or 
desired effect. ■ 

Deliverv MnrinlP 

An RNA. e.g.. an iRNA agent described herem, can be used with a dmg delivery 
■ -"i"gateormodule.suchasthosedescribedhereinandthosedescribedin^^^^^^ 
UmtedStatesProvisionalApphcationSerialNo.60/454.265.fiIedonMarchl2,2003 and 
Intemational Application Serial No. PCT/US04/07070, filed March 8, 2004, both of which are 
hereby incorporated by reference. 

In addition, the invention includes iRNA agents described herein, e.g., a palindromic 

iRNA agent, an iRNA agent hvinganon canonical pairing, an iRNA agent which targetsagene 
descnbed herein. e.g.. a gene active in the kidney, an iRNA agent having a chemical 

modification descn^edherein.e.g..amodification which enhances resistance to degradation, an 
iRNA agent having an architecture or structure described herein, an iRNA agent administered as 
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descnbed herein, or an iRNA agent fonnulated as described herein, combined with, associated 
with, and dehvered by such a drug dehvery conjugate or module. 

The iRNA agents can be complexed to a dehvery agent that feahires a modular complex. 
The complex can include a earner agent linked to one or more of (preferably two or more, more 
preferably all three of): (a) a condensing agent (e.g., an agent capable of attracting, e.g., bindmg, 
a nucleic acid, e.g., through ionic or electrostatic interactions); (b) a fusogenic agent (e.g., an 
agent capable effusing and/or being transported through a cell membrane, e.g., an endosome 
membrane); and (c) a targeting group, e.g., a cell or tissue targeting agent, e.g., a lectin, 
glycoprotein, lipid or protein, e.g., an antibody, that binds to a specified cell type such as a 
kidney cell. 

An iRNA agent, e.g., iRNA agent or sRNA agent described herein, can be hnked, e.g., 
coupled or bomid, to the modular complex. The iRNA agent can interact with the condelsmg' 
agent of the complex, and the complex can be used to dehver an iRNA agent to a cell, e.g., in 
vitro or in vivo. For example, the complex can be used to dehver an iRNA agent to a subject in 
need thereof, e.g.., to deliver an iRNA agent to a subject having a disorder, e.g., a disorder 
described herein, such as a disease or disorder of the kidney. 

The fusogenic agent and the condensmg agent can be different agents or the one and the 
same agent. For example, a polyamino cham, e.g., polyethyleneimine (PEI), can be the 
fusogenic and/or the condensing agent. 

The dehvery agent can be a modular complex. For example, the complex can include a 
canier agent hnked to one or more of (preferably two or more, more preferably all three of): 

(a) a condensing agent (e.g., an agent capable of attractmg, e.g., binding, a nucleic acid, 
e.g., through ionic interaction), 

(b) a fusogenic agent (e.g., an agent capable effusing and/or being transported through a 
cell membrane, e.g., an endosome membrane), and 

(c) a targetmg group, e.g., a cell or tissue targeting agent, e.g., a lectm, glycoprotein, lipid 
or protein, e.g., an antibody, that binds to a specified cell type such as a kidney cell. A targeting 
group can be a thyrotroph!, melanotropin, lectm, glycoprotein, surfactant protein A, Mucin 
carbohydrate, multivalent lactose, multivalent galactose, N-acetyl-galactosamme, N-acetyl- 
gulucosamme multivalent mannose, multivalent fucose, glycosylated polyaminoacids. 
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multivalent galactose, transferrin, bisphosphonate. polyglutamate, polyaspartate, a lipid, 
cholesterol, a steroid, bile acid, folate, vitamin B12, biotin, Neproxin, or an RGD peptide or 

RGD peptide mimetic. 

Carrier agents 

The carrier agent of a modular complex described herein can be a substrate for 
attachment of one or more of: a condensing agent, a flisogenic agent, and a targeting group. The 
carrier agent would preferably lack an endogenous enzymatic activity. The agent would 
preferably be a biological molecule, preferably a macromolecule. Polymeric biological carriers • 
are preferred. It would also be preferred that the carrier molecule be biodegradable.. 

The carrier agent can be a naturaUy occurring substance, such as a protein {e.g., human 
serum albumin (HSA), low-density Hpoprotein (LDL), or globulin); carbohydrate {e.g., a 
dextran, pullulan, chitin, chitosan, inulin, cyclodextrin or hyaluronic acid); or lipid. The carrier 
molecule can also be a recombinant or synthetic molecule, such as a synthetic polymer, e.g., a 
synthetic polyamino acid. Examples of polyamino acids include polylysine (PLL), 
poly L-aspartic acid, poly L-glutamic acid, styrene-maleic acid anhydride copolymer, poly(L- 
lactide-co-glycolied) copolymer, divinyl ether-maleic anhydride copolymer, N-(2- 
hydroxypropyl)methacrylamide copolymer (HMPA), polyethylene glycol (PEG), polyvinyl 
alcohol (P VA). polyurethane, poly(2-ethylaciyllic acid), N-isopropylacrylamide polymers, or 
polyphosphazine. Other use&l carrier molecules can be identified by routine methods. 

A carrier agent can be characterized by one or more of: (a) is at least 1 Da in size; (b) has • 
at least 5 charged groups, preferably between 5 and 5000 charged groups; (c) is present m the . 
complex at a ratio of at least 1:1 carrier agent to isogenic agent; (d) is present in the complex at 
a ratio of at least 1:1 carrier agent to condensmg agent; (e) is present in the complex at a ratio of 
at least 1:1 carrier agent to targeting agent. 

Fusogenic agents 

A fusogenic agent of a modular complex described herein can be an agent that is 
responsive to, e.g., changes charge depending on, the pH environment. Upon encountering the 
pH of an endosome, it can cause a physical change, e.g., a change in osmotic properties which 
disrupts or increases the permeability oftheendosome membrane. Preferably, the fusogenic 
agent changes charge. e.g., becomes protonated, at pH lower than physiological range. For 
example, the fiisogenic agent can become protonated at pH 4.5-6.5. The fusogenic agent can 
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serve to release the mNA agent into the cytoplasm of a cell after the complex is taken up. e.g., 
via endocytosis. by the cell, thereby increasing the cellular .concentration of the iRNA agint in' 
the cell. 

In one embodiment, the fiisogenic agent can have a moiety, e.g., an amino gix,up which, 
when exposed to a specified pH range, will undergo a change, e.g., in charge, e.g., protolation 
The change in charge of the Oogenic agent can trigger a change, e.g., an osmotic change, in a 
vesicle, e.g., an endocytic vesicle, e.g., an endosome. For example, the fosogenic agent, upon 
bemg exposed to the pH enviromnent of an endosome, will cause a solubiUty or osmotic change 
substantial enough to increase the porosity of (preferably, to rupture) the endosomal membrane. 

The fusogenic agent can be a polymer, preferably a polyamino chain, e.g., 
polyethyleneimineCPED. Tlie PEI can be linear, branched, synthetic ornatural. ilie PEI can be, 
e.g., alkyl substituted PEI, or lipid substituted PEI. 

• In other embodiments, the fusogenic agent can be polyhistidine, polyimidazole. 
polypyiidine, polypropyleneimine, mellitin, or a polyacetal substance, e.g., a cationic polyacetal. 
In some embodiment, the fusogenic agent can have an alpha helical structure. The fusogenic 
agent can be a membrane disruptive agent, e.g., meUittin. 

A fusogenic agent can have one or more of the following characteristics: (a) is at least 
IDa in size; (b) has at least 10 charged groups, preferably between 10 and 5000 charged groups 
more preferably between 50 and 1 000 charged groups; (c) is present in the complex at a ratio of' 
at least l.-lfusogenic agent to carrier agent; (d) is present in the complex at aratio of at least 1:1 
fusogenic agent to condensing agent; (e) is present in the complex at a ratio of at least 1:1 
fusogenic agent to targeting agent. 

Other suitable fusogenic agents can be tested and identified by a skilled artisan. The 
ability of a compound to respond to, e.g., change charge depending on, the pH enviromnent can 
be tested by routine methods, e.g., in a ceUular assay. For example, a test compound is 
combined or contacted with a cell, and the cell is aUowed to take up the test compound, e.g., by 
endocytosis. An endosome preparation can then be made from the contacted cells and the 
endosome preparation compared to an endosome preparation from control cells. A change, e.g., 
a decrease, in the endosome fraction from the contacted cell vs. the control cell indicates ihat thl 
test compound can function as a fiisogenic agent. Alternatively, the contacted cell and control 
cell can be evaluated, by microscopy.e.^., by light or electron microscopy, to det^^^ 
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difference in endosome population in the cells. The test compound can be labeled. In another 
type of assay, a modular complex described herein is constructed using one or more test or 
putative fusogenic agents. The modular complex can be constructed using a labeled nucleic acid 
mstead of the iRNA. The ability of the fusogenic agent to respond to. e.g., change charge 
depending on, the pH environment, once the modular complex is taken up by the cell, can be 
evaluated, e.g., by preparation of an endosome preparation, or by microscopy techniques, as 
described above. A two-step assay can also be performed, wherein a jSrst assay evaluates the 
abiHty of a test compound alone to respond to, e.g., change charge depending on, the pH 
environment; and a second assay evaluates the abiUty of a modular complex that includes the test 
compound to respond to, e.g., change charge depending on, the pH environment. 

Condensing agent 

The condensing agent of a modular complex described herein can interact with (e.g., 
attracts, holds, or binds to) an iRNA agent and act to (a) condense, e.g., reduce the size or charge 
of the iRNA agent and/or (b) protect the iRNA agent, e.g., protect the iRNA agent against 
degradation. The condensing agent can include a moiety, e.g., a charged moiety, that can 
interact with a nucleic acid, e.g., an iRNA agent, e.g., by ionic interactions. The condensing 
agent would preferably be a charged polymer, e.g., a polycationic chain. The condensing agent 
can be a polylysine (PLL), spermine, spermidine, polyamine, pseudopeptide-polyamine, 
peptidomimetic polyamine, dendrimer polyamine, arginine, amidine, protamine, cationic Upid, . 
cationic porphyrin, quartemary salt of a polyamine, or an alpha helical peptide. 

A condensing agent can have the following characteristics: (a) at least IDa in size; (b) 
has at least 2 charged groups, preferably between 2 and 100 charged groups; (c) is present in the 
complex at a ratio of at least 1:1 condensing agent to carrier agent; (d) is present in the complex 
at a ratio of at least 1 : 1 condensing agent to fusogenic agent; (e) is present in the complex at a 
ratio of at least 1 : 1 condensing agent to targeting agent. 

Other suitable condensing agents can be tested and identified by a skilled artisan, e.g., by 
evaluating the ability of a test agent to interact with a nucleic acid, e.g., an iRNA agent. The 
ability of a test agent to interact with a nucleic add, e.g., an iRNA agent, e.g., to condense or 
protect the iRNA agent, can be evaluated by routine techniques. In one assay, a test agent is 
contacted witii a nucleic acid, and tiie size and/or charge of the contacted nucleic acid is 
evaluated by a technique suitable to detect changes in molecular mass and/or charge. Such 
techniques include non-denatiiring gel electrophoresis, immunological methods, e.g.. 
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immunoprecipitation. gel filtrationrionic interaction chromatography, and the Uke. A test agent 
is identified as a condensing agent if it changes the mass and/or charge (preferably both) of the 
contacted nucleic acid, compared to a control. A two-step assay can also be performed, wherem 
a first assay evaluates the ability of a test compound alone to interact with, e.g., bind to, e.g., 
condense the charge and/or mass of, a nucleic cid; and a second assay evaluates the abiUty of a 
modular complex that includes the test compound to interact vwth, e.g., bind to, e.g., condense 
the charge and/or mass of, a nucleic acid. 

Amphinathic Delivery Agents 

An RNA, e.g., an iRNA agent, described herein can be used with an amphipathic delivery 
conjugate or module, such as those described herein and those described in copendmg, co-owned 
United States Provisional AppUcation Serial No. 60/455,050, filed on March 13, 2003, and 
hitemational Application Serial No. PCT/US04/07070, filed March 8. 2004, which is hereby 
incorporated by reference. 

hi addition, the invention includes an iRNA agent described herem, e.g., a palindromic 
iRNA agent, an iRNA agent having a noncanonical pahing, an iRNA agent which targets a gene 
described herein, e.g., a gene active m the kidney, an iRNA agent having a chemical 
modification described herein, e.g., a modification which enhances resistance to degradation, an 
iRNA agent havmg an architecture or structure described herem, an iRNA agent administered as 
described herein, or an iRNA agent formulated as described herein, combined with, associated 
with, and deUvered by such an amphipathic dehvery conjugate. 

An amphipathic molecule is a molecule having a hydrophobic and a hydrophihc region. 
Such molecules can interact with (e.g., penetrate or disrupt) Upids, e.g., a Upid bylayer of a cell. 
As such, they can serve as dehvery agent for an associated (e.g., bound) iRNA (e.g., an iRNA or 
sRNA described herein). A preferred amphipathic molecule to be used in the compositions 
described herein (e.g., the amphipathic iRNA constructs descriebd herein) is a polymer. The 
polymer may have a secondary structure, e.g., a repeating secondary structure. 

One example of an amphipathic polymer is an amphipathic polypeptide, e.g., a 
polypeptide having a secondary structure such that the polypeptide has a hydrophilic and a 
hybrophobic face. The design of amphipathic peptide struchires (e.g., alpha-hehcal polypeptides) 
is routine to one of skill in the art. For example, the following references provide guidance: 
Grell et al. (2001) "Protein design and folding: template trapping of self-assembled helical 
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bundles" J Pept Sd 7(3):146-51; Chen et al. (2002) 'Detennination of stereochemistry stabihty 
coefBcients of amino acid side-chains in an amphipathic alpha-helix" J Pept Res 59(l):18-33; 
Iwata et al. (1994) "Design and synthesis of amphipathic 3(10)-heUcal peptides and their 
mteractions with phospholipid bilayers and ion chamiel formation" J Biol Chem 269(7):4928-33; 
Comut et al. (1994) "The amphipathic alpha-helix concept Application to the de novo design of 
ideally amphipathic Leu, Lys peptides with hemolytic activity higher than that of melittin" 
FEES Lett 349(l):29-33; Negrete et al. (1998) 'T)eciphering the structural code for proteins: 
heUcal propensities in domain classes and statistical multiresidue information in aJpha-heHces," 
Protein Sci 7(6):1368-79. 

Another example of an amphipathic polymer is a polymer made up of two or more 
amphipathic subunits, e.g., two or more subunits containing cyclic moieties (e.g.. a cyclic moiety 
havingoneormoiehydiophiUcgroupsandoneormorehydrophobicgroups). For example, the 
subunit may contain a steroid, e.g., cholic acid; or a aromatic moiety. Such moieties preferably 
can exhibit atxopisomerism, such that they can form opposing hydrophobic and hydrophilic faces 
when in a polymer structure. 

The ability of a putative amphipathic molecule to interact with a lipid membrane, e.g., a 
cellmembrane,canbetestedbyroutinemethods,e.g.,inaceUfreeorcellularassay. Fot 
example, a test compound is combined or contacted with a synthetic lipid bilayer, a cellular 
membrane fraction, or a ceU, and the test compound is evaluated for its ability to interact with, 
penetrate or disrupt the hpid bilayer. cell membrane or cell. The test compound can labeled in' 
order to detect the interaction with the lipid bilayer, cell membrane or ceU. In another type of 
assay, the test compound is linked to a reporter molecule or an iRNA agent (e.g., an iRNA or 
sRNA described herein) and the ability of the reporter molecule or iRNA agent to penetrate the 
hpid bilayer, cell membrane or cell is evaluated. A two-step assay can also be performed, 
wherein a first assay evaluates the ability of a test compound alone to interact with a Hpid 
bilayer, cell membrane or cell; and a second assay evaluates the ability of a construct (e.g., a 
constmct described herein) that includes the test compound and a reporter or iRNA agent to 
interact with a hpid bilayer, cell membrane or cell. 

An amphipathic polymer useful in the compositions described herein has at least 2, 
preferably at least 5, more preferably at least 10, 25, 50, 100, 200, 500. 1000, 2000, 50000 or 
more subunits (e.g., amino acids or cychc subunits). A single ampMpathic polymer can be 
linked to one or more, e.g., 2. 3, 5, 10 or more iRNA agents (e.g., iRNA or sRNA agents 
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aescnbed herein). In some embodiments, an amphipathic polymer can contain both amino acid 
and cyclic subunits, e.g., aromatic subunits. 

The invention features a composition that includes an iRNA agent (e.g., an iRNA or 
sRNA described herein) in association with an amphipathic molecule. Such compositions may 
5 be referred to herein as "amphipathic iRMA constructs." Such compositions and constructs are 
useful in the delivery or targeting of iRNA agents, e.g., delivery or targeting of iRNA agents to a 
cell. While not wanting to be bovmd by theory, such compositions and constructs can increase 
the porosity of, e.g., can penetrate or disrupt, a lipid (e.g., a lipid bilayer of a cell), e.g., to allow 
entry of the iRNA agent into a cell. 

0 In one aspect, the invention relates to a composition comprising an iRNA agent (e.g., an 

lEGSTA or sRNA agent described herein) linked to an amphipathic molecule. The iRNA agent and 
the amphipathic molecule may be held in continuous contact with one another by either covalent 
or noncovalent linkages. 

The amphipathic molecule of the composition or construct is preferably other than a 
phospholipid, e.g., other than a micelle, membrane or membrane fragment. 

The amphipathic molecule of the composition or construct is preferably a polymer. The 
polymer may include two or more amphipathic subimits. One or more hydrophilic groups and 
one or more hydrophobic groups may be present on the polymer. The polymer may have a 
repeating secondary structure as well as a first fece and a second face. The distribution of the 
hydrophilic groups and the hydrophobic groups along the repeating secondary structure caii be 
such that one fece of the polymer is a hydrophilic face and the other face of the polymer is a 
hydrophobic face. 

The amphipathic molecule can be a polj'peptide, e.g., a polypeptide comprising an 
a-helical conformation as its secondary structure. 

hi one embodiment, the amphipathic polymer includes one or more subunits containing 
one or more cyclic moiety (e.g., a cyclic moiety having one or more hydrophilic groups and/or 
one or more hydrophobic groins), bi one embodiment, the polymer is a polymer of cyclic 
moieties such that the moieties have alternating hydrophobic and hydrophilic groups. For 
Kcample, the subunit may contain a steroid, e.g., cholic acid. In another example, the subunit 
may contain an aromatic moiety. The aromatic moiety may be one that can exhibit 
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atropisomerism, e.g., a 2,2'-bis(substituted)-l-l'-bmaphthyl or a 2,2'-bis(substituted) biphenyl. 
A subunit may include an aromatic moiety of Formula (M): 




(M) 

The invention features a composition that includes an iRNA agent (e.g., an iRNA or 
sRNA described Herein) in association with an amphipathic molecule. Such compositions may 
be referred to herein as "amphipathic iRNA constructs." Such compositions and constructs are 
useful in the delivery or targeting of iRNA agents, e.g., delivery or targeting of iRNA agents to a 
cell. While not wanting to be bound by theory, such compositions and constructs can increase 
the porosity of, e.g., can penetrate or disrupt, a lipid (e.g., a lipid bilayer of a cell), e.g., to allow 
entry of the iRNA agent into a cell. 

In one aspect, the invention relates to a composition comprising an iRNA agent (e.g., an 
iRNA or sRNA agent described herein) linked to an amphipathic molecule. The iRNA agent and 
the amphipathic molecule may be held in continuous contact with one another by either covalent 
or noncovalent linkages. 



The amphipathic molecule of the conq)osition or construct is preferably other than a 
phospholipid, e.g., other than a micelle, membrane or membrane fragment. 
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The amphipathic molecule of ttie composition or construct is preferably a polymer. The 
polymer may include two or more amphipathic subunits. One or more hydrophilic groups and 
one or more hydrophobic groups may be present on the polymer. The polymer may have a 
repeating secondary structure as well as a first face and a second fece. The distribution of the 
hydrophilic groups and the hydrophobic groups along the repeating secondary structure can be 
such that one face of the polymer is a hydrophilic face and the other face of the polymer is a 
hydrophobic face. 

The amphipathic molecule can be a polypeptide, e.g., a polypeptide comprising an 
a-helical conformation as its secondary structure. 

In one embodiment, the amphipathic polymer includes one or more subunits containing 
one or more cyclic moiety (e.g., a cyclic moiety having one or more hydrophilic groups and/or 
one or more hydrophobic groups). In one embodiment, the polymer is a polymer of cyclic 
moieties such that the moieties have alternating hydrophobic and hydrophilic groups. For 
example, the subunit may contain a steroid, e.g., cholic acid. In another example, the subunit 
may contain an aromatic moiety. The aromatic moiety may be one tiiat can exhibit 
atropisomerism, e.g., a2,2'-bis(substituted)-l-l'-binaphthyl ora2,2'-bis(substituted) biphenyl. 

A subunit may include an aromatic moiety of Formula (M): 
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xeierrmg to I'onnula M, R, is C,-C,oo alkyl optionaUy substituted with aiyl, alkeayl, 
alkynyl, alkoxy or halo and/or optionaUy inserted with O, S, alkenyl or alkynyl; C,-Cioo 
perfluoroalkyl; or OR5. 

R2 is hydroxy; nitro; sulfate; phosphate; phosphate ester, sulfonic acid; ORe; or Ci-Cioo 
alkyl optionally substituted with hydroxy, halo, nitro. aryl or alkyl sulfinyl, aryl or alkyl sulfonyl, 
sulfate, sulfonic acid, phosphate, phosphate ester, substituted or unsubstituted aryl, carboxyl, 
carboxylate, amino carbonyl, or alkoxycarbonyl, and/or optionally inserted with O, NH, S, S(0), 
SO2, alkenyl, or alkynyl. 

R3 is hydrogen, or when taken together with R4 froms a fused phenyl ring. 

R4 is hydrogen, or when taken together with R3 fix>ms a fused phenyl ring. 

R5 is Ci-Cioo alkyl optionally substituted with aryl, alkenyl, alkynyl, alkoxy or halo 
and/or optionally inserted with O, S, alkenyl or alkynyl; or Ci-Cioo perfluoroalkyl; and R^ is Ci- 
Cioo alkyl optionaUy substituted with hydroxy, halo, nitro, aiyl or alkyl sulfinyl, aryl or alkyl 
sulfonyl, sulfete, sulfonic acid, phosphate, phosphate ester, substituted or unsubstituted aiyl, 
carboxyl, carboxylate, amino carbonyl, or alkoxycarbonyl, and/or optionally inserted with O. 
NH, S, S(0), SO2, aUcenyl, or aUcynyl. 

Increasing cellul ar uptake of d-sRNAs 

A method of the invention that can include the administration of an iRNA agent and a 
drug that affects the uptake of the iRNA agent into the cell. The drug can be administered 
before, after, or at the same time that the iRNA agent is administered. The drug can be 
covalently linked to the iRNA agent. The drug can be, for example, a Upopolysacchaiide, an 
activator of p38 MAP kinase, or an activator of NF-icB. The drug can have a transient effect on 
the cell. 

The drug can increase the uptake of the iRNA agent into the cell, for example, by 
disruptmg the ceU's cytoskeleton, e.g., by disrupting the ceU's microtubules, microfilaments, 
and'or intemiediate filaments. The drug can be, for example, taxon, vincristine, vinblastine, 
cytochalasm, nocodazole, japlakinohde, latruncuUn A, phaUoidin, swinhohde A, indanocine, or 
myoservin. 
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The drug can also increase the uptake of the iRNA agent into the ceU by activating an 
inflammatory response, for example. Exemplary drug's that would have such an effect include 
tumor necrosis factor alpha (TNFalpha), interleukin-1 beta, or gamma interferon. 

iRNA conjugates 

An iRNA agent can be coupled. e.g., covalently coupled, to a second agent. For example, 
an iRNA agent used to treat a particular disorder can be coupled to a second therapeutic agent, 
e^.,anagentotherthanfheiRNAagent. The second therapeutic agent can be one which is ' 
directed to the treatment of the same disorder. For example, in the case of an iRNA used to treat 
a disorder characterized by unwanted cell proliferation, e.g., cancer, the iRNA agent can be 
coupled to a second agent which has an anti-cancer effect. For example, it can be coupled to an 
agent which stimulates the immune system, e.g., a CpG motif, or more generally an agent that 
activates a toll-like receptor and/or increases the production of gamma interferon. 
iRNAPfodiictinii 

An iRNA can be produced. e.g., in bulk, by a variety of methods. Exemplary methods 
include: oiganic synthesis and RNA cleavage, e:g., in vitw cleavage. 

Organic Synthesis 

An iRNA can be made by separately synthesizing each respective strand of a double- 
stranded RNA molecule. The component strands can then be annealed. 

Alarge bioreactor, e.g., the OligoPilot Efrom PhannaciaBiotec AB (Uppsala Sweden), 
canbeusedtoproducealargeamountofaparticularRNAstrandforagiveniRNA. The 
OhgoPilotn reactor can efficiently couple a nucleotide using only a 1 .5 molar excess of a 
phosphoramidite nucleotide. To make an RNA strand, ribonucleotides amidites are used. 
Standard cycles of monomer addition can be used to synthesize the 21 to 23 nucleotide strand for 
the iRNA. TypicaUy. the two complementary strands are produced separately and then amiealed, 
e.g., after release fiom the soUd support and deprotection. 

Organic synthesis can be used to produce a discrete iRNA species. The complementary 
of the species to a particular target gene can be precisely specified. For example, the species 
maybe complementary to a region that includes a polymorphism, e.g., a single nucleotide 
polymorphism. Furtherthelocationof the polymorphism can be precisely defined. Insome 
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embodiments, the polymoiphism is located in an internal region, e.g., at least 4, 5, 7, or 9 
nucleotides from one or both of the termini. 

dsRNA Cleavflp fft 

iRNAs can also be made by cleaving a larger ds iRNA. The cleavage can be mediated in 
vitro or in vivo. For example, to produce iRNAs by cleavage in vitro, the following method can 
be used: 

In vitro transcription. dsRNAis produced by transcribing a nucleic acid (DNA) segment 
in both directions. For example, the HiScribe™ RNAi transcription kit (New England Biolabs) 
provides a vector and a method for producing a dsRNA for a nucleic acid segment that is cloned 
into the vector at a position flanked on either side by a T7 promoter. Separate templates are 
generated for T7 transcription of the two complementary strands for the dsRNA. The templates 
are transcribed in vitro by addition of T7 RNApolymerase and dsRNA is produced. Similar 
methods usingPCR and/or other RNA polymerases (e.g., T3 or SP6 polymerase) can also be 
used. In one embodiment, RNA generated by this method is carefuUy purified to remove 
endotoxins that may contaminate preparations of the recombinant enzymes. 

In vitro cleavage. dsRNAis cleaved in vitro into iRNAs, for example, using a Dicer or 
comparable RNAse ID-based activity. For example, the dsRNA can be incubated in an in vitro 
extractfiomDn>sophilaorusingpurifiedcomponents,e.^.apurifiedRNAse or RISC complex 
(RNA-inducedsilencingcomplex). See.e.g.,Kettinge/a/. Ge«g5Dev2001 Oct 
15;15(20):2654-9. and Hammond Science 2001 Aug 10;293(5532): 1146-50. 

dsRNAcleavagegenerallyproducesapluralityofiRNAspecies.eachbeingaparticular 
21 to 23 nt fi:agment of a source dsRNA molecule. For example, iRNAs that include sequences 
complementary to overlapping regions and adjacent regions of a source dsRNAmolecule may be 
present. 

Regardless of the method of synthesis, the iRNA preparation can be prepared in a 
solution {eg., an aqueous and/or organic solution) that is ^piopriate for formulation. For 
example, the iRNA preparation can be precipitated and x^ssolved in pure double-distilled 

water, and lyophihzed. The dried iRNAcan then be resuspendedinasolution appropriate for 
intended formulation process. 



Synthesis of modified and nucleotide surrogate iRNAagents is discussed below. 
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The iRNA agerts described herrin can be fonnulated for administration to a subject 

^--^"f^'PO^totl.etoulaaona.oompositionaandmea^in.hissectionare 
"IargaIy™.hregard.ou.n„difiediRNAag.n.s. I. *„nld be „„de..„od, however 
. '^*«=«™'-«i»-.«ompositionsandn,e,hodscaabep«cticadwifl,„,h=riRN^ 
modtfied iENA agents, and sueh practice is within a,e invention. 

Aforn,uIa,ed iRNAcc^-tioncanaasnn^avatietyof states. i,s„me«^^^^ 
^mposttion ,s a. least partiaUycr^e, unifanlyetystaUine. and/or a„hy*ous (e, less 

«-S0, 50. 30.20, ormwater, Man«bere.a.p,e.ti.eiBKAisinana,L.;:::!: 
a solution that includes water. 

^='«I""-P<>-°rfteco..aUinec„„positionscan..«..beinoo,x.,a.edin.oa 

deltvery vehrcle,eg..aliposome(pa,ticnlarlyfer the aqueous phase)orapardele(e... a 

nneroparticleascanbeappropriateforacrystallineeoniposition). G«.erany. the iSN^ 

conoposition is taulatedinamanner that is con^-b,ewifl,.he intended meti^d of 
administration (see, below). 

Jnpartieularen,bodin,en.s,fl,ecomposi.ouisp,^a,ed by a, leas, one Of the following 
nethods:spraydrying.lyophili^tia.vacuumd.ying.ev*„«ion.fluidbedd,ytag ora 

combination ofmese techniques; orsouieati«>«thahpid.lree.^ 

Other self-assembly. 

A OiKApr^onean be toulated in combination with anodier agent, e:^.. another 
-^;^»'-a«agcn.tastabili^aiRNA,.^.,ap,o.eintbatcon,pIexeawithiENA.,„ 
^^a„^,Sti«o«„agentsinc,udechelators,...,BDTA(.,,to.™ovediva,en.oatio^ 

2-Mg^sa.ts.RNAseinhibi.«s(.^.,abroadspecifieityRNAseinhibitors„ehas 

RNAsm) and so forth. 

lucneenibodin^nt, die iimAprepa^tionincludes another il^Aa^^^^ 
2Ati.atcann,edratedl^Aiwithrespect,oasecondgene.orwiti.resp.^ 
^otherp«p^onoaninc.udea.least3.S.t^.„enty,fif,y.orah„ndredormorediffere^ 
amAspeores. ^uehiRNAs can mediated RNAiwimtespec. to a sinulart^tber of difW 
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(e.?,anag=n,„aertta„a.RNAoraDNA).Fo,exaople.a«KAca,^tafe,fte 
tteataen, of a viral diseaae, e.^. mv, ^gh. fachda a too™ a„ti™d ageo. (.j.. aprofe,^ 

mtab,.ororrev«.atan^toeidnlto).I„anote«a»ple.ailmAcon>^ 
ttealment of a cancer might fiirfter comprise a chemotherap«tfc agent 

Exemplary fonrnUaSons are (Hscnssed below: 



For ease of «pori«™i tte taulations, compositiom and methods in His secUon are 
tagely wiftregardtonnmodifled iHNAagente. I, ahouldbe understood, howe 

0 '^*«=ft»"-Mona.con^.io„sandmea,odsoanbep«cticedwifl,o,heriRNAagents ' 
-■^■.'"^ediltNAsagents.andauchpracticeiswitUntheinvenlion. AniENAagent.. J. a 
^uble-s^dedOmAagen^^aRNAagenU.... a pr^ursor,.,.. a larger iSNA agent ;^;ch 
can be processed into a ^ agent or a DNA which encodes an iRNA agent, e.^.. a double- 
stnmded iRNA agent or sRNA agent or pr^ut^r thereof) pr^aradon can be fonntdated for 

■ ''*v«y-a«emhrano„smolecularassembly...,.,aliposomeoramicene. As used herein, the 
tenn Ifl^^-e" refers ,„ a vesicle composed ofamphiphilic lipids ananged in al least »,e 
talayer, ^g.. one bilayeroraplmality„fbUay«s.Uposomes include mnlanellar and 
multilamellar vesicles that haveamembranef„n„«,ftomaUpophiHcn,a.«ial and an a^eons 

: "tetjor. The aqueous portion contains the iENA composition. The lipopUBo material isolates 
aie aqueous interior from an aqueous exterior.which typically does not include flte iRNA 
composition, although in some examples, it may. liposomes are useful for the transfer and 

dchvery of active ingredients to the site of action. Because the liposomal memhane is. 

^-turally similar to biological membranes, whenliposomes ate applied toatissue the 

l.posomalbiUyer,useswithbilayeroftheceUularmembranes.As,hem«gingof.iehposom^ 

and ceU progresses, the intetnal aqueous contents that include the iRNA are denvered into d,e 

ceUwheredteiRNAcanspecifloaUybindtoatargetRNA^td canmedia.eRNAi.hr some 

cases the Bposomes are also speciflcaUyhuseted. eg., to direct fte iRNA to particular cell ty^^ 
e.g., to cells of die kidney, such as those described herein. 

A liposome containing a iRNA can be prepared by a variety of methods. 

Inoneexample. the lipid component ofaliposome is dissolved inadetergent so that 
- are fomred with the lipid component For example, the lipid component can be an 
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amp«>paa.cca«cBpic,„rHpidco:^.g^e. Tie .etergen. ca. hav. a cri«ca. nuceHc 
— .o„a„d„.y,e„„ri„„ic.Exen,p<a^,,e.gen.sinc,udeoko,a..^^ 

-f"— yacamerc„,„p„^dfl^aasis.sfacande^rt„„^b.^ 
,0 >■ PHcan^^Z.. J: 

F»rt«d«oiptionof„ea,odsf„.p„d„ctag,^M=pol,^l„^^^ 
whch„c„:p„.a,eap„,^„c,^.y^,,,„^,„.pj,_^,^^^ ^ . 

^^veh.c..ade.cribadi„.e...W09«7,94.Iipo.„„eWoaoana,»i,c,ud=^^ 

M.> B.O, 23:238, ,965; 0,s„n.«a.i«^ 557.9, .979; Szo^^J, ^ 

m^Aca^ 75:4.94. .978;Mayh=„.e,^.«^,„.^^^^„^„^^, ,,3^.- ' 
<.I.B.oCun. Biop,^,. 728:339, .983; and Mn^ga. « ^. ^„,^, /.T" ' 

"''"-^'-^^-forpr.pari.g.ipidagg.ga.esof^^ 
v*.es„c,udeso„caU»aodftee^.i.„p,^ex.^(^,^^^-^^^^ 

^"P--*a.arepH-se^«veor„egaSve.y-<*a:g^^„„,^^^ 

ch»g«irepu,.,».fl.„«„„^,„^^^ ^^^^^^^ 

molecules a,ee„.^^fl^aea,„eo.i„.eriorofft«eHposom..pH-se„aMve>ipo.ome. 
b»=.e=n.ed.de.v.mA»oodi„g«,.ft^di„eWg.e.cen„„„„,a,e.r 
u.^.Bxp^„.of^e«ogenouag=„ewasd«.c.edi„*c,arg«.^^ 
of Controlled Release, 19, (1992) 269-274). 
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One major type of liposomal composition includes phospholipids other than naturally- 
derived phosphatidylcholine. Neutral liposome compositions, for example, can be formed from 
dimyristoyl phosphatidylcholine (DMPC) or dipalmitoyl phosphatidylcholine (DPPQ. Anionic 
hposome compositions generally are formed from dimyristoyl phosphatidylglycerol, while 
anionic fiisogenic hposomes are formed primarily from dioleoyl phosphatidylethanolamine 
(DOPE). Another type of hposomal composition is formed from phosphatidylcholine (PC) such 
as, for example, soybean PC, and egg PC. Another type is formed from mixtures of 
phospholipid and/or phosphatidylcholine and/or cholesterol. 

Examples of other methods to introduce hposomes into ceUs in vitro and in vivo include 
U.S. Pat. No. 5,283.185; U.S. Pat. No. 5.171,678; WO 94/00569; WO 93/24640; WO 91/16024; 
Feigner, J. Biol Chem. 269:2550. 1994; Nabel. Proc Natl. Acad. Sci. 90:1 1307, 1993; Nabel, ' 
Human Gem Titer. 3:649, 1992; Gershon. Aoc/iem. 32:7143, 1993; and Stxmss EMBO J. 
11:417, 1992. 

In one embodiment, cationic liposomes are used. Cationic liposomes possess the 
advantage of being able to fuse to the cell membrane. Non-cationic hposomes, although not able 
to fuse as efficienfly with the plasma membrane, are taken up by macrophages in vivo and can be ■ 
used to dehver iRNAs to macrophages. 

Further advantages of liposomes include: liposomes obtained from natural phospholipids 
are biocompatible and biodegradable; liposomes can mcoiporate a wide range of water and lipid ■ 
soluble drugs; hposomes can protect encapsulated iRNAs in their internal comparhnents from 
metabolism and degradation (RosofF, in "Pharmaceutical Dosage Forms," Lieberman, Rieger and 
Banker (Eds.), 1988, volmne 1. p. 245). Important considerations in the preparation of hposome 
formulations are the hpid surface charge, vesicle size and the aqueous volmne of the hposomes. 

A positively charged synthetic cationic lipid, N-[l-(2,3-dioleyloxy)propyl]-N,N,N- 
tiimethylammonium chloride (DOTMA) can be used to fomi small liposomes that mieract 
spontaneously with nucleic acid to form lipid-nucleic acid complexes which are capable of 
fusmg witii the negatively charged lipids of the cell membranes of tissue cultirre cells, resulting 
in delivery of iRNA (see, e.g.. Feigner, P. L. et al, Proc. Natl. Acad. Sci., USA 8:7413-7417, 
1987 and US. Pat. No. 4,897,355 for a description of DOTMA and its use with DNA). 

A DOTMA analogue, l,2-bis(oleoyloxy)-3-(trimethylammonia)propane (DOTAP) can be 
used in combination with a phospholipid to form DNA-complexing vesicles. Lipofectin™ 
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Bethesda Research Laboratories, Gaithersburg. Md.) is an effective agent for the deUvery of 
highly anionic nucleic acids into living tissue culture cells that comprise positively charged 
DOTMA liposomes which interact spontaneously with negatively charged polynucleotides to 
fonn complexes. When enough positively charged liposomes are used, the net charge on the 
resulting complexes is also positive. Positively charged complexes prepared in this way 
spontaneously attach to negatively charged cell surfaces, fiise with the plasma membrane, and 
efficiently deUver functional nucleic acids into, for example, tissue cultme cells. Another 
commercially available cationic lipid, l,2-bis(oleoyloxy>3,3-(trimethylammonia)propane 
("DOTAP") (Boehringer Mannheim, Indianapolis, Indiana) differs from DOTMA in that the 
oleoyl moieties are linked by ester, rather than ether linkages. 

Other reported cationic lipid compounds include those that have been conjugated to a 
variety of moieties including, for example, carboxyspennine which has been conjugated to one 
of two types of hpids and includes compounds such as 5-caiboxyspemiylglycine 
dioctaoleoylamide ("DOGS") (Transfectam™, Promega, Madison, Wisconsin) and 
dipahnitoylphosphatidylethanolamine 5-carboxyspermyl-amide ("DPPES") (see, e.g., U S Pat 
No. 5,171,678). 

Another cationic lipid conjugate includes derivatization of the lipid with cholesterol 
("DC-Chol") which has been formulated into Uposomes in combination with DOPE (See, Gao, 
X. and Huang, L., Biochim Biophys. Res. Commun. 179:280, 1991). Lipopolylysine, made by 
conjugating polylysine to DOPE, has been reported to be effective for transfection in the 
presence of serum (Zhou, X. et al, Biochim. Biophys. Acta 1065:8, 1991). For certain cell lines, 
these liposomes containing conjugated cationic lipids, are said to exhibit lower toxicity and 
provide more efBcient transfection than the DOTMA-containing compositions. Other 
commerciaUy available cationic lipid products mclude DMRIE and DMRIE-HP (Vical, La JoUa, 
CaKfomia) and Lipofectamine (DOSPA) (Life Technology, toe, Gaithersburg, Marylald). 
Other cationic lipids suitable for the deUvery of oUgonucleotides are described in WO 98/39359 
and WO 96/37194. 

Liposomal formulations are particularly suited for topical administration, liposomes 
present several advantages over other fomiulations. Such advantages include reduced side 
effects related to high systemic absorption of the administered drug, increased accumulation of 
the administered drug at the desired target, and the abihty to administer iRNA. into the skin. In 
some implementations, liposomes are used for delivering iRNA to epidemial cells and also to 
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enhance fte pene Won of iSNA fato de^al «.s„es. i«o ddn. For exa„,>l., fce Hpo^mes 
caabe applied topically. TopicaldeBv^y Of d„,g,fo„.^^^„^„^^^^^^^^ 
doc^ented Wei„er«a/..y^,<^fl^r<»j«i;,^. ,9% vol. 2.405-410anddu 

PIess,s«.,..^„„V*;,,S^«^,,8_,pg2.259.265;Ma™«„,R.j.a„dFo«ld-Fo8eri^ 
5 B,o,echni,u« 6:682^90. 1988; Bam, T. e, al. 56:267-276. 1987; Mcolau. C. e, a, McU, 

Bnz. "49:157-176, ,987;SS«,binger,R.M. and I.apahadjopo„Ios,D.M«h.Boz. 101-512-527' 
1983; Wang, C. Y. and Huang, L., Prec. NaU. Acad. Sci. USA 84:7851-7855, 1987). 

Non-ionic Uposomal systems havealaobea, examined to detonine their utiHtyin the 
dehveryofdmgato the skin, inparticular systems oompriaingnon-iomcanrftctant and 
0 cholesten,!. Non-i„nioHposomalf«m„lali™,s comprising Novasome I (glyceq-l 

dJ»HWcholcs,en,l*olyoxy*yl.ne.l(Mearyl ether) andNovasomeDfelyc^yldistea^ 
cholesterol^clyoxyethyiene-KMeary, ether) were nsed to deUver a drug into thedennis of 
nK.asesldn.Suchfi™ulations«fhiRNAarens.fUlfatr.atingadermatologica^ 

LiposomesthatinctodeiRNAcanbemadehighlydefomtable. Sk* defonnabiUty can 
. ^'^M^'h'^Bpe^'mestopenetratethronghporethataresmanerthantheaverageradinsofthe 
hposon,. Forexample..ransfersomesa,.at,peofdefcm,ablelipo»mes. Transferosomes can 
be made by adding surace^Jge activators, us»anysnr&ctants,toastandard liposomal 
eomposidon.TVansfersomes that include iENAcanbedeUvered, for «cample,s^ 
bymfectionino,dertodeliv«iRNAtote,atinocy,esintheskta.Ino,d.rtocrossi„,ac, 
mamn^ansldn. lipid vedclesnnistpassthroughaseriesofflne pores. 

than 50 mn,und« the iufhenoeofasuitablet^sdennal gradient, ^addition, due to the Bpid 
prq.e,ties,thesetransferosom.scanbeself.cptimizing(adap,ivetotheshape„fpores eg. in 
fhe skm), self-repairing, and can fi^pently read, tt,eir targets without ta^^^ 

self-loading. The iSNA agents c«. include an KRMS tethered to a moiety which improves 
association with a liposome. 

Surfactants 

For ease of exposition the fonnulations. compositions and methods in this section are 
discussed largelywith regard to unmodified iRNA agents. It should be undei^ood. however 
that these fonnulations, compositions andmethods can bepracticed with other iRNAagente 
eg., modified iRNA agents, and such practice is within the mvention. Surfactants find wide' 
application in formulations such as emulsions (including microemulsions) and liposomes (see 
above). iRNA (or a precursor. e.g., a larger dsRNA which can be processed into a iRNA. or a 
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DNA Which encodes aiRNAorprecursor) compositions can includeasurf^ In one 
embodiment, the iRNA is fonnulated as an emulsion that includes a surfactant. The most 
common way of classifying and ranking the properties of the many different types of surfactants, 
bothnaturalandsynthetic.isbytheuseofthehydrophile/Upophilebalance(HLB). Thenature ' 
of the hydrophilic group provides the most useful means for categorizing the different surfactants 
used in fonnulations (Rieger, in "Pharmaceutical Dosage Forms," Marcel Dekker, Inc., New 
York, NY, 1988, p. 285). 

ff the surfactant molecule is not ionized, it is classified as a nonionic surfactant. 
Nonionic surfactants find wide appUcation in pharmaceutical products and are usable over a 
wide range of pH values. In general their HUB values r^ge from 2 to about 18 depending on 
their structure. Nonionic surfactants include nonionic esters such as ethylene glycol esters, 
propylene glycol esters, glyceryl esters, polyglyceryl esters, sorbitan esters, sucrose esters,'and 
ethoxylated esters. Nonionic alkanolamides and ethers such as fatty alcohol ethoxylates, 
propoxylated alcohols, and ethoxylated/piopoxylated block polymers are also included in this 
class. The polyoxyethylene surfactants are the most popular members of the nonionic surfactant 
class. 

If the surfactant molecule carries a negative charge when it is dissolved or dispersed in 
water, the surfactant is classified as anionic. Anionic suifectants include carboxylates such as 
soaps, acyllactylates. acyl amides of amino acids, esters of sulfuric acid such as alkyl sulfates 
and ethoxylated alkyl sulfates, sulfonates such as alkyl benzene sulfonates, acyl isethionates. 
acyl taurates and sulfosuccinates. and phosphates. The most important members of the aniomc 
surfactant class are the alkyl sulfates and the soaps. 

If the surfactant molecule carries a positive charge when it is dissolved or dispersed in 
water, the surfactant is classified as cationic. Cationic surfactants include quaternary ammonimn 
salts and ethoxylated amines. The quaternary ammonium salts are the most used members of 
this class. 

If the surfactant molecule has the ability to carry either a positive or negative charge, the 
surfactant is classified as amphoteric. Amphoteric surfactants include acrylic add derivatives, 
substituted alkylamides, N-alkylbetaines and phosphatides. 

The use of surfactants in drug products, formulations and in emulsions has been reviewed 
(Rieger, in "Pharmaceutical Dosage Forms," Marcel Dekker, Inc., New York, NY. 1988, p. 285). 
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For ease of exposition the micelles and other formulations, compositions and methods in 
this section are discussed largely with regard to unmodified iRNA agents. It should be 
understood, however, that these micelles and other fomiulations, compositions and methods can 
be practiced with other iRNA agents, e.g., modified iRMA agents, and such practice is within the 
mvention. The iRNA agent, e.g., a double-stranded iRNA agent, or sRNA agent, {e.g., a 
precursor, e.g., a larger iRNA agent which can be processed into a sRNA agent, or a DNA which 
encodes an iRNAagent, e^., a double-sbranded iRNAagent, or sRNA agent, or precursor 
thereof)) composition can be provided as a miceUar formulation. •'Micelles" are defined herein 
as a particular type of molecular assembly in which amphipathic molecules are arranged in a 
spherical stmcture such that all the hydrophobic portions of the molecules are directed inward, 
leaving the hydrophilic portions in contact with the suiromiding aqueous phase. The converse 
arrangement exists if the environment is hydrophobic. 

A mixed miceUar formulation suitable for delivery through transdermal membranes may 
be prepared by mixing an aqueous solution of the iRNA composition, an alkaU metal Cg to C22 
alkyl sulphate, and a micelle forming compounds. Exemplary micelle forming compomids 
include lecithin, hyaluronic acid, pharmaceutically acceptable salts of hyaluronic acid, glycolic 
acid, lactic acid, chamomile extract, cucumber extract, oleic acid, linoleic acid, linolelic acid, 
monoolein, monooleates, monolauiates, borage oil, evening of primrose oil, menthol, trihydroxy 
0x0 cholanyl glycine and pharmaceutically acceptable salts thereof, glycerin, polyglycerin, 
lysine, polylysine, triolein, polyoxyethylene ethers and analogues thereof, polidocanol aUc^l 
ethers and analogues thereof, chenodeoxycholate, deoxycholate. and mixtures thereof. The 
micelle forming compounds may be added at the same time or after addition of the alkali metal 
alkyl sulphate. Mixed micelles wiU form with substantially any kind of mixing of the ingredients 
but vigorous mixing is preferred in order to provide smaller size miceUes. 

In one method a first micellar composition is prepared which contains the iRNA 
composition and at least the alkaU metal alkyl sulphate. The first micellar composition is then • 
mixed with at least three micelle forming compounds to form a mixed micellar composition. In 
another method, the micellar composition is prepared by mixing the iRNA composition, the 
alkali metal alkyl sulphate and at least one of the micelle forming compomids, foUowed by 
addition of the remaining micelle forming compounds, with vigorous mixing. 
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added aftw&mahon of the mixed micellarcomposiSon. 

FordeHveo-ofaemiceUartau,ataasaap„y.tato„Mo.ca„bep„,h„„an 
aero.„,d,^e„sera.dftedi.pe„.e.is Chafed withap^peUantTlep^Ita^wtiohisunder 

a,.eo„.a„dp.pe,Un.phaseshe.„„e„aM...me„i.o„epha,e. If tt^ a. t™ pka.es i.ia 
necesaa^.„*akeU,edi3pe„.erpri„r.„dispe„aU^apordcn„fa„e<,«».,.,^.a„„^ 
me.e^ valve. The dispe^do^ofphan^e^^^i.^^^^^^^,^^ 
in a jfine spray. 

Iheprefe,redpr„peua„,,arehydrogen-co„tairingcu™wcarbo«,hyd,<,ge„- 
coc.a:n,asfluoroca*„„s,di„.ea,yIetoanddieU>yleaer.Evea^ 
(1,1,1^ tetrafluoFoethane). 

Jbe^ecfficoo„cen.«ti„^„f^ee.s=„«., ingredients ca„bede,emm,edby,eM^^^^ 



-..g. at leaa, double or triple, the dosage for through injeotion or adumustration through 
me gastrointestinal tract. 

^^^f^^^^-^--»«<ieanIU^tetheredtoa„ioi^^ 
with a micelleor other membranous fonnulation. 

Particles 

''"^"f=^P°3iaonlhepartioles,fbn„„Mons,composid„„sandmethodsir,this 
■ —'".-discussed.arge.y^thr.gardtou^odifi^diRNAageo.s. B should be understood. 
howev.toftesepartc,es,fonnulatious,<»..,ositiousa«,.„efl^^ 
o.h„,RNAag™.s..^..„,„difediKNAageu.^ands„ohprac,ioeiswithiufl,eiuveutioni, 
auoth.embodirne„,a„iRNAageu,.^,adoubl^ediimAag«,^„rsRNAagent.(.. 
aprecar»r...,..a,argeriSNAageu.„hichoa„hepr„cessedintoasBNA agent oraDNA 
wtac^encodesanilmAage„,.,,adoubl^dediia,Aag»t.orsRmage„,orpr^^ 
*er^Opr„™ybei„co.pora.edintoapartiele..,..a™croparticle,MeropL^^ 
ca.be produced byspn.y-dryi„g,bu.,my also beproduoed by other methods moluding 
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lyophilization, evaporation, fluid bed drying, vacuum drying, or a combination of these 
techniques. See below for further description. 



Sustained-Release Formulations. An iRNA agent, e.g., a double-stranded iKNA agent, or 
sRNA agent, (e.g., a precursor, e.g., a larger iRNA agent which can be processed into a sRNA 
agent, or a DNA which encodes an iRNA agent, e.g., a double-stranded iRNA agent, or sKNA 
agent, or precursor thereof) described herein can be formulated for controlled, e.g., slow release. 
Controlled release can be achieved by disposing the iRNA within a structure or substance which 
impedes its release. Kg., iRNA can be disposed within a porous matrix or in an erodable matrix, 
either of which allow release of the iRNA over a period of time. 

Polymeric particles, e.g., polymeric in microparticles can be used as a sustained-release 
reservoir of iRNA that is taken up by cells only released from the microparticle through 
biodegradation. The polymeric particles in this embodiment should therefore be large enough to 
preclude phagocytosis (e.g., larger than 10 /zm and preferably larger than 20 imx). Such particles 
can be produced by the same methods to make smaller particles, but with less vigorous mixing of 
the first and second emulsions. That is to say, a lower homogenization speed, vortex mixing 
speed, or sonication setting can be used to obtain particles having a diameter around 100 jxm 
rather than 10 fjtm. The time of mixing also can be altered. 

Large- microparticles can be formulated as a suspension, a powder, or an implantable 
soUd, to be delivered by intramuscular, subcutaneous, intradermal, intravenous, or intraperitoneal 
injection; via inhalation (mtranasal or intrapuhnonary); orally; or by implantation. These 
particles are useful for delivery of any iRNA when slow release over a relatively long term is 
desired. The rate of degradation, and consequently of release, varies with the polymeric 
formulation. 

Microparticles preferably include pores, voids, hollows, defects or other interstitial 
spaces that aUow the fluid suspension medium to freely pemieate or perfuse the particulate 
boundary. For example, the perforated microstmctures can be used to form hollow, porous spray 
dried microspheres. 

Polymeric particles containing iRNA (e.g., a sRNA) can be made using a double 
emulsion technique, for instance. First, the polymer is dissolved in an organic solvent. A 
preferred polymer is polylactic-co-glycolic acid (PLGA), with a lactic/glycolic acid weiglit ratio 
of 65:35, 50:50, or 75:25. Next, a sample of nucleic acid suspended in aqueous solution is added 
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to the polymer solution and the two solutions are mixed to fonn a first emulsion. The solutions 
can be mixed by vortexing or shaking, and in a prefeixed method, the mixture can be sonicated. 
Most preferable is any method by which the nucleic acid receives the least amount of damage in 
the fonn of nicking, shearing, or degradation, while still allowing the formation of an appropriate 
emulsion. For example, acceptable results can be obtained with a Vibra-cell model VC.250 
sonicator with a 1/8" microtip probe, at setting #3. 

Spray-Drying. An iRNA agent, e.g., a double-stranded iRNA agent, or sRNA agent, 
(e.^.,aprecursor,e.^.,alargeriRNAagent which can be processed intoasIWAagent,oraD^^ 
which encodes an iRNA agent, e.^.. a double-stranded iRNAagent, or sRNA agent, or precursor 
thereof) can be prepared by spray drying. Spray dried iRNA can be administered to a subject or 
be subjected to further formulation. A pharmaceutical composition of iRNA can be prepared by 
spray drying a homogeneous aqueous mixture that includes a iRNA under conditions sufficient 
to provide a dispersible powdered composition, e.g., a pharmaceutical composition. The material 
for spray drying can also include one or more of: aphaimaceuticaUy acceptable excipient, or a 
dispersibility-enhancingamomitofaphysiologicallyacceptable, water-soluble protein. The 
spray-dried product can be a dispersible powder that includes the iRNA. 

Spray drying is a process that converts a liquid or slurry material to a dried particulate 
form. Spray drying can be used to provide powdered material for various administrative it)utes 
including inhalation. See, for example, M. Sacchetti and M. M. Van Oort in: Inhalation Aerosols: 
Physical and Biological Basis for Therapy, A. J. ffickey, ed. Maicel Dekkar, New York, 1996. 

Spray drying can include atomizing a solution, emulsion, or suspension to form a fine 
mist of droplets and drying the droplets. The mist can be projected into a drying chamber {e.g., a 
vessel, tank, tubing, or coil) wher^ it contacts a drying gas. The mist can mclude solid or liquid 
pore fonning agents. The solvent and pore forming agents evaporate from the droplets into the 
drying gas to solidify the droplets, simultaneously forming pores throughout the solid. The solid 
(typically in a powder, particulate form) then is separated from the drying gas and collected. 

Spray drying includes bringing together a highly dispersed liquid, and a sufficient volume 
of air {e.g., hot air) to produce evaporation and drying of the Uquid droplets. The preparation to 
be spray dried can be any solution, course suspension, slurry, coUoidal dispersion, or paste that 
may be atomized using the selected spray drying apparatus. Typically, the feed is sprayed into a 
current of warm filtered air that evaporates the solvent and conveys the dried product to a 
coUector. The spent air is then exhausted with the solvent. Several different types of apparatus 
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may be used to provide the desired product. For example, conmiercid spray dryers m 
by Buchi Ltd. or Niro Corp. can effectively produce particles of desired size. 

Spray-dried powdered particles can be approximately spherical in shape, nearly uniform 
in size and frequeatly hollow. There may be some degree of irregularity in shape depending 
upon the incorporated medicament and the spray drying conditions. In many instances the 
dispersion stability of spray-dried microspheres appears to be more effective if an inflating agent 
(or blowing agent) is used in their production. Particularly preferred embodiments may comprise 
an emulsion with an inflating agent as the disperse or continuous phase (the other phase being 
aqueous in nature). An inflating agent is preferably dispersed with a surfactant solution, using, 
for mstance, acommercially available miciofluidizeratapressure of about SOOOto 15,000 psi. 
This process forms an emulsion, preferably stabilized by an incorporated surfactant, ty^jically 
comprising submicron droplets of water immiscible blowing agent dispersed in an aqueous 
continuous phase. The formation of such dispersions using this and other techniques are common 

andweUknowntothoseinmeart.Theblowingagentispreferablyafluorinatedcompound(e.^. • 
perfluorohexancperfluoiooctyl bromide, perfluorodecalin, perfluorobutyl ethane) which 
vaporizes during the spray-drying process, leaving behind generaUy hollow, porous 
aerodynamicaUy light microspheres. As will be discussed in more detail below, other suitable 
blowing agents include chlorofomi. freons, and hydrocarbons. Nitrogen gas and caibon dioxide 
are also contemplated as a suitable blowing agent. 

Although the perforated microstructuies are preferably formed using a blowing agent as • 
described above, it will be appreciated that, in some instances, no blowing agent is required and 
an aqueous dispersion of the medicament and surfactant(s) are spray dried directly. In such cases, 
the formulation may be amenable to process conditions (eg., elevated temperatures) that 
generally lead to the formation of hollow, relatively porous microparticles. Moreover, the 
medicament may possess special physicochemical properties {e.g., high crystallinity, elevated 
melting temperature, surface activity, etc.) that make it particularly suitable for use in such 
techniques. 

The perforated microstructuies may optionally be associated with, or comprise, one or 
more surfactants. Moreover, miscible surfactants may optionally be combined with the 
suspension medium liquid phase. It will be appreciated by those skilled in the art that the use of 
surfactants may further increase dispersion stabiUty,simplifyform^^^^^ 
bioavailability upon administration. Of course combinations of surfactants, including the use of 
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one or more in the liquidphaseaBdone or more associated with the perforated m^^^ 
are contemplated as being within the scope of the invention. By "associated with or comprise" it 
IS meant that the structural matrix or perforated microstnicture may incorporate, adsorb, absorb, 
be coated with or be formed by the surfactant 

Surfactants suitable for use include any compound or composition that aids in the 
formation and maintenance of the stabilized respiratory dispersions by fonning a layer at the 
interface between the stmctural matrix and the suspension medium. Th. surfactant may comprise 
a smgle compound or any combination of compounds, such as in the case of co-surfactants 

Particularlypreferred surfactants are substantiaUy insoluble in the propeUant,nonfluorina^^^ 
selected from the group consisting of saturated and unsaturated lipids, nomonic detergents, 
nonionic block copolymers, ionic surfactants, and combinations of such agents. It should be 
emphasized that, in addition to the aforementioned surfactants, suitable (i.e. biocompatible) 

fluorinated surfactants are compatible with the teachings herein and may be used to provide the 
desired stabilized preparations. 

Lipids, including phospholipids, from both natural and synthetic souix:es may be used in 
varying concentrations to form a structural matrix. Generally, compatible lipids comprise those 
that have a gel to Uquid crystal phase transition greater than about 40» C. Piefer^ly, the 
incorporated lipids are relatively long chain (ie. Ce -C^) saturated Upids and more ^ferably . 
comprise phospholipids. Exemplary phospholipids useful in the disclosed stabilized preparations • 
comprise eggphosphatidylcholine, dilauroylphosphatidylcholine, dioleylphosphatidylcholine. 
dipahnitoylphosphatidyl-choline. disteroylphosphatidylcholine, short-chain 
phosphatidylcholines, phosphatidylethanolamine, dioleylphosphatidylethanolamine, 
phosphatidylserine, phosphatidylglycerx,!, phosphatidylinositol, glycolipids, ganglio'side GMl ■ 
sphingomyelin, phosphatidic acid, cardiolipin; lipids bearing polymer chains such as. ' 
polyethylene glycol, chitin. hyaluronic acid, or polyvinylpyrrolidone; lipids bearing sulfonated 
mono-, di-. and polysaccharides; fatty acids such as pabnitic acid, stearic acid, and oleic acid; 
cholesterol, cholesterol esters, and cholesterol hemisuccinate. Due to their excellent 
biocompatibility characteristics, phospholipids and combinations of phospholipids and 
poloxamers are particularly suitable for use in the stabilized dispersions disclosed herein. 

Compatible nonionic detergents comprise: sorbitan esters including sorbitan frioleate 
(Spans™ 85), sorbitan sesquioleate, sorbitan monooleate. sorbitan monolaurate. polyoxyethylene 
(20) sorbitan monolaurate. and polyoxyethylene (20) sorbitan monooleate. oleyl polyoxyethylene 
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(2) ether, stearyl polyoxyethylene (2) ether, lauxyl polyoxyethylene (4) ether, glycerol esters, and 
sucrose esters. Other suitable nonionicdetergentscanbeeadly identified usingMcCutcheon^^ 
Emuls.fiersandDetergents(McPublishingCo.,GlenRock,NJO.I>referx«iblockcop^^^^^ 
mcludediblockandtriblockcopolymersofpolyoxyethyleneandpolyox^^^^^^ 
5 P°l™erl88(PIuronio.Rm.F68),poloxamer407(Pli..nic.RT^^ 

338. lomcsurfactants such as sodium sulfosuccinate, and fatty acid so^sniay also be uti^ 
preferred embodiments, the microstructures may comprise oleic acid or its alkali salt. 

In addition to the aforementioned surfactants, cationic surfactants or lipids are preferred 
especiallyin the caseofdeliveryofaniRNA agent, e.^.,adouble-str^dediRNA agent, or 
10 «^Aagent,(e^.,aprecursor,e.^.,alargeriRNAagentwhichcanbeprocessedintoasRNA 
agent, or aDNA which encodes an iRNA agent. a double-stranded iRNA agent, or sRNA 
agent, or precursor ther^f). Examples of suitable cationic lipids include: DOTMA. N [ (2 3 
dioleyloxy)propyl]-N.N.N-trimethylammonium-chloride; DarAP.1.2-dioleyloxy-3. 
(trimethylammonio)propane; andDOTB. U-dioleyl-3.(4'-trimethylaxnmonio)butanoy]-sn. • 
5 Slycerol.Polycationicaminoacidssuchaspolylysine.andpolyargim^^ 

For the spraying process, such spraying methods as rotary atomization, pressure 

atom,zat.on and two-flmdatomization can be use^.Examplesofthe devices used in these 
processes include 'l>arubisu [phonetic rendering] Mini-Spray 

DI.41^manufacturedbyYamatoChemicalCo..or«SprayMerCI.8.''«SprayDxier^^ . 

"Spray Drier FL-r2,»'«SprayDrierFI.16'' or "SprayDri^ 

Kakoki Co., can be used for the method of spraying using rotary-disk atomizer. 

, WMlenoparticularrestrictionsareplacedonthegasusedtodrythesprayedmaterial it 
IS recommended to use air, nitrogen gas or an inert gas. The temperature of the inlet of the gas 

usedtodrythesprayedmaterialssuchthatitdoesnotcauseheatdeactivationofthesprayed 
matenal. The range of temperatures may vary between about 50»C to about 200«»C. preferably 

between aboutSO-CandlOO-CTHe temperature of the outlet gas used to dry the sprayed 
matenal, may vary between about O-C and about 1 SO'C. preferably between O'C and 9(yc, and 
even more preferably between 0°C and eOT. 

The spray drying is done mider conditions that result in substantiaUy amorphous powder 
ofhomogeneous constitution havingaparticle size that isrespirable,alow moisture cont 
flow characteristics that aUow for ready aerosolization. Preferably theparticlesize^ 
resultmgpowder is such that more than about 980/oofthe mass is inparticleshavingadiameter 
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5;». Al.e„,a.vely, abou.95% of fte masswUmvepartCe. adiameterof 10 
,«nw,tt,abo«80%oftte^„f«,eparticlesha™gadia„,e,erofless.ha.5^. 

Thedi^blephannac^ical-baseddiypowdersftatincludafteiRNApreparaaon 
mayop„„„al,yb=co„btoed„i,hphan.aceu.ica,camerso,.xdpien,swhicha,esuiWeibr 

wie„...e.,ed.o .educe d,emNA„a.ion in d,ep„wde,w«ohfe^ 

pa.a„^b„,.ayalso.erv=.„=„bancemes,abiU^„ftaa^Ac„^^ 

"-'^'"fftepowderwitoapowd.di^e^o.d^ceinorf. 

asflo«l»I,tya»lconsist=ncytoMtatemanuactafaga„dppwd.rfim,g. 

^ S«ohoaniermaterials„aybec<,mbi„edwi,hfl,edn,gprior.oapraydodng,-. by 

adda,gU..cam.p..e,a,.od.e purified b„ftso.u«oo.lod,a.way.d.eoanier^^^^ 

_ ^^-i— --'ywid,d.edn,gpa„iele3.op™,„ceah»og«^p„der.A.te„,a«ve,y 
> *----ybe.epa,a,elypreparedi„ad,yp„.d„to^^,i^^^^ 

dn.gbyb,e„di„,Tbep„„de.ea^e.win„s„anybec,y^e(.„av„idwa...ab.,^^^^ 
m,gh.„.e„e ca.es beamorpbousormixtoea of ery^eandamorpho„s;Tle«z=oftt,= 

*er^Sefto.25^ .,„„^. Ap.fe„«,e».er„..eria.iac^,ac.o^^^,l 
I in the above-Stated range. & ^ 

Powder p^ared by any offta above meOKKbwm be collected ft„„fl„^ya,y„i„, 
~na,n,an„erforsub.e,ue„.„.e.For„seaspha:n^eudca,a«iotepa:poaesT™^ 
.^.endybe desirable .odismp.aayagg,„„era,eswl.ehmaybavefb„„edby.c^g<,, 
od-erconvenaona,.echni,ues. For pba^fieal uses. ftedrypowderfon^on, will . 
uauanybemeasu:edin.oa.tagledose,and«,.™gIedosesealedi„toapa^ 
^pame„la,ly„aefWfordiapersio,i„d.ypowderi„l^^a,deseribedmdeMbelov; 
Altoniatively.tbepowdersmaybepackagedmmnWpWoaecontameB. 
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Abstracts relate to spray drying of hydrophilic-hydrophobic product combinations, including JP 
806766; JP 7242568; JP 7101884; JP 7101883; JP 71018982; JP 7101881; and JP 4036233. 
Other foreign patent pubUcations relevant to spray drying hydrophiKc-hydrophobic product 
combinations include FR 2594693; DE 2209477; and WO 88/07870. 

LYOPmLTZATTOM 

An iRNA agent, e.g., a double-stranded iRNA agent, or sRNA agent, {e.g., a precursor, 
e.g., a larger iENA agent which can be processed into a sRNA agent, or a DNA which encodes 
an iRNA agent, e.g., a double-stranded iRNA agent, or sRNA agent, or precursor thereof) 
preparation can be made by lyophilization. Lyophilization is a freeze-drying process in which 
water is sublimed from the composition after it is frozen. The particular advantage associated 
with the lyophilization process is that biologicals and pharmaceuticals that are relatively unstable 
in an aqueous solution can be dried without elevated temperatures (thereby ehminating the 
adverse thermal effects), and then stored in a dry state where there are few stabiUty problems. 
With respect to the instant invention such techniques are particularly compatible with the 
incorporation of nucleic acids in perforated microstructures without compromising physiological 
activity. Methods for providing lyophilized particulates are known to those of skill in the art and 
it would clearly not require undue experimentation to provide dispersion compatible 
microstructures in accordance with the teachings herem. Accordmgly, to the extent that 
lyophilization processes may be used to provide microstructures having the desired porosity and 
size, they are confoimance with the teachings herein and are expressly contemplated as being 
within the scope of the instant invention. 

Targetmg 

For ease of exposition the fonnulations, compositions and methods in this section are 
discussed largely with regard to unmodified iRNAs. It should be understood, however, that 
these fonnulations, compositions and methods can be practiced with other iRNA agents, e.g., 
modified iRNA agents, and such practice is within the invention. 

In some embodiments, an iRNA agent, e.g., a double-stranded iRNA agent, or sRNA 
agent. {e.g., a precursor. e.g., a larger iRNA agent which can be processed into a sRNA agent, or 
a DNA which encodes an iRNA agent, e.g., a double-stranded iRNA agent, or sRNA agent, or 
precursor thereof) is targeted to a particular cell. For example, a liposome or particle or other 
structure that includes a iRNA can also include a targeting moiety that recognizes a specific 
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molecule onatarget cell. The targetingmoiety can beamoleculewithaspecificaffim^ 
target cell. Targeting moieties can include antibodies directed against a protein found on the 

surfaceofatargetcell^ortheUgandorareceptor-bindingportionofaUg^dforamolec^^ 
found on the surfaceofatargetceU. For example, the targetingmoiety can x«x,gnizeacancer- 
specific antigen of the kidney (e.^., G250. CA15-3, CA19-9, CEA. orHER2/neu) or a viral 
antigen, thus delivering the iRNA to a cancer cell or a virus-infected cell. Exemplary targeting 
moieties include antibodies (such as IgM. IgG. IgA. IgD, and the like, or a functional portions 
thereof), ligands for cell surface receptors (e.g., ectodomains thereof). 

Table 6 provides a number of antigens which can be used to target an iRNA to a selected 
cell, such as when targeting of the iRNA agent to a tissue other than die kidney is desired. 
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Table 6 . Targeting Antigens 
ANTIGEN 

CEA(carcinoembryonic antigen) 

PSA (prostate specific antigen) 

CA-125 

CA 15-3 

CA 19-9 

HER2/neu 

a-feto protein 

P-HCG (human chorionic gonadotropin) 
MUC-1 

Estrogen receptor 

Progesterone receptor 

EGFr (epidermal growth factor receptor) 



Exemplary tumor tissue 



colon, breast, lung 
prostate cancer 
ovarian cancer 



breast cancer 



breast cancer 



breast cancer 



testicular cancer, hepatic cancer 
testicular cancer, choriocarcinoma 
breast cancer 

breast cancer, uterine cancer 
breast cancer, uterine cancer 



In one embodiment, the targeting moiety is attached to a liposome. For example, US 
Patent 6,245,427 describes a method for targeting a Hposome using a protein or peptide. In 
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another example, a cationic lipid component of the liposome is derivatized with a targeting 
moiety. For example, WO 96/37194 describes converting N-glutaryldioIeoylphosphatidyl 
ethanolamine to a N-hydroxysuccinimide activated ester. The product was then coupled to an 
RGD peptide. 

GENES AND DTSP. ASPS 

In one aspect, the invention features, a method of treating a subject at risk for or afflicted 
with unwanted ceU proliferation, e.g., malignant or nonmaUgnant ceU proliferation. The method 
includes: 

providing an iRNA agent, e.g., an sRNA or iRNA agent described herein. e.g., an iRNA 
having a structure described herein, where the iRNA is homologous to and can silence, e.g., by 
cleavage, a gene which promotes unwanted cell proliferation; 

administering an iRNA agent, e.g., an sRNA or iRNA agent described herein to a subject, 
preferably a human subject, 

thereby treating the subject. 

In a preferred embodiment the gene is a growth factor or growth factor receptor gene, a 
kinase, e.g., a protein tyrosine, serine or threonine kinase gene, an adaptor protein gene, a gele 
encoding a G protein superfamily molecule, or a gene encoding a transcription factor. • . 

In a preferred embodiment the iRNA agent silences the PDGF beta gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted PDGF beta 
expression, e.g., testicular and lung cancers. 

In another preferred embodiment the iRNA agent silences the Eri>B gene, and thus can 
be used to treat a subject having or at risk for a disorder characterized by unwanted Erb-B 
expression, e.g., breast cancer. 

In a preferred embodiment the iRNA agent silences the Src gene, and thus can be used to 
treat a subject having or at risk for a disorder characterized by unwanted Sre expression, e.g., 
colon cancers. 
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In a preferred embodiment the iRNA agent silences the CRK gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwanted CRK expression, e.g., 
colon and lung cancers. 

In a preferred embodunent the iRNA agent silences the GRB2 gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwanted GRB2 expression, 
e.g., squamous cell carcinoma. 

In another preferred embodiment the iRNA agent silences the RAS gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted RAS 
expression, e.g., pancreatic, colon and lung cancers, and chronic leukemia. 

In another preferred embodiment the iRNA agent silences the MEKK gene, and thus can 
be used to. treat a subject having or at risk for a disorder characterized by unwanted MEKK 
expression, e.g., squamous cell carcinoma, melanoma or leukemia. 

In another preferred embodiment the iRNA agent silences the JNK gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted JNK expression. 
e.g., pancreatic or breast cancers. 

In a preferred embodiment the iRNA agent silences the RAF gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwanted RAF expression, e.g., 
lung cancer or leukemia. 

In a preferred embodiment the iRNA agent silences the Erkl/2 gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwanted Erkl/2 e 
e.g., lung cancer. 

In another preferred embodiment the iRNA agent silences the PCNA(p21) gene, and thus 
can be used to treat a subject having or at risk for a disorder characterized by unwanted PCNA 
expression, e.g., lung cancer. 

In a preferred embodiment the iRNA agent silences the MYB gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwanted MYB expression. 
e.g., colon cancer or chronic myelogenous leukemia. 
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In a preferred embodiment the iRNA agent silences the c-MYC gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted c-MYC 
expression, e.g., Burkitt's lymphoma or neuroblastoma. 

In another preferred embodiment the iRNA agent silences the JUN gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted JUN expression, 
e.g., ovarian, prostate or breast cancers. 

In another preferred, embodunent the iRNA agent silences the FOS gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted FOS expression, 
e.g., skin or prostate cancers. 

In a preferred embodiment the iRNA agent silences the BCL-2 gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted BCL-2 
expression, e.g., lung or prostate cancers or Non-Hodgkin lymphoma. 

In a preferred embodiment the iRNA agent silences the Cyclin D gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted Cyclin D 
expression, e.g., esophageal and colon cancers. 

In a preferred embodiment the iRNA agent silences the VEGF gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwanted VEGF expression, 
e.g., esophageal and colon cancers. 

In a preferred embodiment the iRNA agent silences the EGFR gene, and thus can be used 
to treat a subject having or at risk for a disorder characterized by unwanted EGFR expression, 
e.g., breast cancer. 

In another preferred embodiment the iRNA agent silences the CycUn A gene, and thus 
can be used to treat a subject having or at risk for a disorder characterized by unwanted Cychn A 
expression, e.g., lung and cervical cancers. 

In another preferred embodiment the iRNA agent silences the Cyclin E gene, and thus 
can be used to treat a subject having or at risk for a disorder characterized by unwanted Cyclin E 
expression, e.g., lung and breast cancers. 
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In another preferred embodiment the iRNA agent silences the WNT-1 gene, and thus can 
be used to treat a subject having >or at risk for a disorder characterized by unwanted WNT-1 
expression, e.g., basal cell carcinoma. 

In another preferred embodiment the iRNA agent silences the beta-catenin gene, and thus 
can be used to treat a subject having or at risk for a disorder characterized by unwanted beta- 
catenin expression, e.g., adenocarcinoma or hepatoceUular carcinoma. 

In anotherpreferred embodiment the iRNA agent silences the c-MET gene, and thus can 
be used to treat a subject having or at risk for a disorder characterized by unwanted o-MET 
expression, e.g., hepatocellular cardnoma. 

In anotherpreferred embodiment the IRNA agent silences the PKC gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted PKC 
expression, e.g., breast cancer. 

hi a preferred embodiment the iRNA agent silences the NEKB gene, and thus can be used 
to treat a subject havmg or at risk for a disorder characterized by unwanted NFKB expression, 
e.g., breast cancer. 

hi a preferred embodiment the iRNA agent silences the STAT3 gene, and thus can be 
used to treat a subject havmg or at risk for a disorder characterized by unwanted STATS 
expression, e.g., prostate cancer. 

In anotherpreferred embodimeut-the iRNA agent silences the survivin gene, and thus can- - 
; be used to treat a subject having or at risk for a disorder characterized by unwanted survivin 
expression, e.g., cervical or pancreatic cancers. 

In another preferred embodiment Ihe iRNA agent silences the Her2/Neu gene, and thus 
can be used to treat a subject having or at risk for a disorder characterized by unwanted 
Her2/Neu expression, e.g., breast c 



hi another preferred embodiment the iRNA agent silences the topoisomerase I gene, and 
thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
topoisomerase I expression, e.g., ovarian and colon cancers. 
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In a preferred embodiment the iRNA agent silences the topoisomerase H alpha gene, and 
thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
topoisomerase II expression, e.g., breast and colon cancers. 

In a preferred embodiment the iKNTA agent silences mutations in the p73 gene, and thus 
can be used to treat a subject having or at risk for a disorder characterized by unwanted p73 
expression, e,g., colorectal adenocarcinoma. 

In a preferred embodiment the iRNA agent silences mutations in the p21(WAFl/CIPl) 
gene, and thus can be used to treat a subject having or at risk for a disorder characterized by 
unwanted p21(WAFl/CIPl) expression, e.g., Uver cancer. 

In a preferred embodiment the iRNA agent silences mutations in the p27(KIPl) gene, and 
thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
p27(KIPl) expression, e.g., liver cancer. 

In a preferred embodiment the iRNA agent silences mutations in the PPMID gene, and 
thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
PPMID expression, e.g., breast cancer. 

Id a preferred embodiment the iRNA agent silences mutations in the RAS gene, and thus 
can be used to treat a subject having or at risk for a disorder characterized by unwanted RAS 
expression, e.g., breast cancer. . 

In another preferred embodiment the iRNA agent silences mutations in the caveolin I • 
gene, and thus can be used to treat a subject havmg or at risk for a disorder characterized by 
unwanted caveolin I expression, e.g., esophageal squamous cell carcinoma. 

In another preferred embodiment the iRNA agent silences mutations in the MIB I gene, 
and thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
Mm I expression, e.g., male breast carcinoma (MBC). 

In another preferred embodiment the iRNA agent silences mutations in the MTAI gene, 
and thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
MTAI expression, e.g., ovarian carcinoma. 
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In another preferred embodiment the iRNA agent silences mutations in the M68 gene 

and thus can be used to treatasubject having or at risk foradisorder characterized by unwanW 
M68 expression, e.g., human adenocarcinomas of the esophagus, stomach, colon, and rectum. 

In prefeired embodiments the iRNA agent silences mutations in tumor suppressor genes, 
and thus can be used as a method to promote apoptotic activity in combination with 
chemotherapeutics. 

In a preferred embodiment the iRNA agent silences mutations in the p53 tumor 
suppressor gene, and thus can be used to treat a subject having or at risk for a disorder 
characterized by unwanted p53 expression, e.g., gall bladder, pancreatic and lung cancers. 

In a preferred embodiment the iRNA agent silences mutations in the p53 family member 
DN-P63, and thus can be used to treat a subject having or at risk for a disorder characterized by 
unwanted DN-p63 expression, e.g., squamous ceU carcinoma 

In a preferred embodiment the iRNA agent silences mutations in the pRb tumor 
suppressor gene, and thus can be used to treat a subject having or at risk for a disorder 
characterized by unwanted pRb expression, e.g., oral squamous cell carcinoma 

hi a prefeired embodiment the iRNA agent silences mutations in the APCl tumor 
suppressor gene, and thus can be used to treat a subject having or at risk for a disorder 
characterized by unwanted APCl expression. e.g., colon cancer. 

In a preferred embodiment the iRNA agent silences mutations in the BRCAl tumor 
suppressor gene, and thus can be used to treat a subject having or at risk for a disorder 
characterized by unwanted BRCAl expression, e.g., breast cancer. 

In a preferred embodiment the iRNA agent silences mutations in the PTEN tumor 
suppressor gene, and thus can be used to treat a subject having or at risk for a disorder 
characterized by unwanted PTEN expression. e.g., hamartomas, gUomas. and prcstate and 



In a preferred embodiment the iRNA agent silences MLL fusion genes. e.g., MLL-AF9, 
and thus can be used to treat a subject having or at risk for a disorder characterized by unwant^ 
MLL fusion gene expression, e.g., acute leukemias. 
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In another prefeired embodiment the iRNA agent silences the BCR/ABL fiision gene, 
and thus can be used to treat a subject having or at risk for a disorder characterized by unwaiited 
BCR/ABL fusion gene expression, e.g., acute and chronic leukemias. 

In another prefeired embodiment the iRNA agent silences the TEL/AMLl fiision gene, 

and thus can be used to treatasubject having or at risk foradisorder characterized byunwanted 
TEUAMLl fusion gene expression, e.g., childhood acute leukemia. 

In another preferred embodiment the iRNA agent silences the EWS/FLIl fusion gene 

and thus can be used to treatasubject having or at risk foradisorder characterized by unwanted 
EWS/FLIl fiision gene expression, e,g., Ewing Sarcoma. 

hi another preferred embodiment the iRNA agent sUences the TLS/FUS 1 fiision gene, 
and thus can be. used to treat a subject having or at risk for a disorder characterized by unwanted 
TLS/FUSl fiision gene expression, e.g.. Myxoid Kposarcoma. 

In another preferred embodunent the iRNA agent silences the PAX3/FKHR fiision gene, 
and thus can be used to treat a subject having or at risk for a disorder characterized by unwanted 
PAX3/FJCHR fiision gene expression, e.g.. Myxoid liposarcoma. 

hi another preferred embodiment the iRNA agent silences the AMLl/ETO fiision gene 

and thus can be used to treatasubject having or at risk foradisorder characterized by unwanted 
AMLl/ETO fiision gene expression, e.g., acute leukemia. 

hi another aspect, the invention features, a method of treating a subject, e.g., a human, at • 
risk for or afflicted with a disease or disorder that may benefit by angiogenesis- inhibition e.g., 
cancer. The method includes: 

providing an iRNA agent, e.g., an iRNA agent having a structure described herein, which . 
iRNA agent is homologous to and can silence, e.g., by cleavage, a gene which mediates 
angiogenesis; 

administering the iRNA agent to a subject, 
thereby treating the subject. 
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In a preferred embodiment the iRNA agent silences the alpha v-integrin gene, and thus 
can be used to treat a subject having or at risk for a disorder characterized by unwanted alpha V 
integrin, e.g., brain tumors or tumors of epithelial origin. 

In a preferred embodiment the iRNA agent silences the Flt-1 receptor gene, and thus can 
be used to treat a subject having or at risk for a disorder characterized by unwanted Flt-1 
receptors, eg. Cancer and rheumatoid arthritis. 

In a preferred embodiment the iRNA agent silences the tubuUn gene, and thus can be 
used to treat a subject having or at risk for a disorder characterized by unwanted tubuUn, eg. 
Cancer and retinal neovascularization. 

In apreferred embodunent the iRNA agent silences the tubulin gene, and thus can be 
used to treat a subj^t having or at risk for a disorder characterized by unwanted tubuhn, eg. 
Cancer and retinal neovascularization. 

hi another aspect, the invention features a method of treating a subject infected with a 
virus or at risk for or afOicted with a disorder or disease associated with a viral infection. The 
method includes: 

providing an iRNA agent, e.g., and iRNA agent having a structure described herein, 
which iRNA agent is homologous to and can sUence, e.g., by cleavage, a viral gene of a cellular 
gene which mediates viral function, e.g., entry or growth; 

administering the iRNA agent to a subject, preferably a human subject, 

thereby treating the subject. 

Thus, the invention provides for a method of treating patients infected by the Human 
Papilloma Virus (HPV) or at risk for or afflicted with a disorder mediated by HPV, e.g, cervical 
cancer. HPV is linked to 95% of cervical carcinomas and thus an antiviral therapy is an 
attractive method to treat these cancers and other symptoms of viral infection. 

hi a preferred embodiment, the expression of a HPV gene is reduced. In another 
preferred embodiment, the HPV gene is one of the group of E2, E6, or E7. 

to a preferred embodiment the expression of a human gene that is required for HPV 
rephcation is reduced. 
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The invention also included a method of treating patients infected by the Hxmian 
hmnunodeficiency Virus (HIV) or at risk for or afflicted with a disorder mediated by HIV, e.g„ 
Acquired Immune Deficiency Syndrome (AIDS). 

In a preferred embodiment, the expression of a HIV gene is reduced. In another preferred 
5 embodiment, the HIV gene is CCR5, Gag, or Rev. 

M a preferred embodiment the expression of a human gene that is required for HIV 
replication is reduced. In another preferred embodiment, the gene is CD4 or Tsgl 01. 

The invention also includes a method for treating patients infected by the Hepatitis B 

Virus (HBV) or at risk for or afflicted withadisordermediated by HBV,..^., cirrhosis and 
heptocellular carcinoma. 

Inapreferredembodiment,theexpressionofaHBVgeneisreduced. Inanother • 
preferred embodiment, the targeted HBV gene encodes oneofthe group ofthetailregion of the 
HBVcoreprotein,thepr^cregious(prB-c)region,Qrthecregious(c)region. Inanother ■ 
preferred embodiment,atargetedHBV-RNAsequence is comprised ofthepoly(A) tail. 

In preferred embodiment the expression of a human gene that is required for HB V 
replication is reduced. 

The invention also provides for a method of treating patients infected by the Hepatitis A 
Vurus (HAV), or at risk for or afflicted with a disorder mediated by HAV. 

In a preferred embodiment the expression of a human gene that is required for HAV 
replication is reduced. 

The present invention provides foramethodoftreatmg patients infected by the Hepatitis 
C Virus (HCV), or at risk for or afflicted with a disorder mediated by HCV. e.g., cirrhosis . 

In a preferred embodiment, the expression of a HCV gene is reduced. 

In another preferred embodiment the expression of a human gene that is required for 
HCV replication is reduced. 

The present invention also provides for a method of treating patients infected by the any 
of the group of Hepatitis Viral strains comprising hepatitis D, E, F, G. or H, or patients at risk for 
or afflicted with a disorder mediated by any of these strains of hepatitis. 
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In a preferred embodiment, the expression of a Hepatitis, D, E, F, G, or H gene is 
reduced., 

In another preferred embodiment the expression of a human gene that is required for 
hepatitis D, E, F, G or H replication is reduced. 

i Methods of the invention also provide for treating patients infected by the Respiratory 

Syncytial Virus (RSV) or at risk for or afiQicted with a disorder mediated by RSV, e.g, lower 
respiratory tract infection in infents and childhood asthma, pneumonia and other complications, 
e.g., in the elderly. 

In a preferred embodiment, the expression of a RSV gene is reduced. In another 
preferred embodiment, the targeted HBV gene encodes one of the group of genes N, L, or P. 

In a preferred embodiment the expression of a human gene that is required for RSV 
repUcation is reduced. 

Methods of the invention provide for treating patients infected by the Herpes Simplex 
Virus (HS V) or at risk for or afflicted with a disorder mediated by HSV, e.g, genital herpes and 
cold sores as well as life-threatening or sight-impaiiing disease mainly in immunocompromised 
patients. 

In a preferred embodiment, the expression of a HSV gene is reduced, hi another 
preferred embodiment, the targeted HSV gene encodes DNA polymerase or the helicase- 
primase. 

In a preferred embodiment the expression of a human geie that is required for HSV 
replication is reduced. 

The mvention also provides a method for treating patients infected by the herpes 
Cytomegalovmis (CMV) or at risk for or afflicted with a disorder mediated by CMV, e.g., 
congenital vmis infections and morbidity in immunocompromised patients. 

In a preferred embodiment, the expression of a CMV gene is reduced. 

In a preferred embodiment the expression of a human gene that is required for CMV 
repUcation is reduced. 
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Methodsofthe invention also provide foramethodoftreating patients iB^^^^ 
herpes Epstein Barr Virus (EBV) or at risk for or afflicted withadisorder mediated by EBV 
ag., NK/r-cell lymphoma, non-Hodgkin lymphoma, and HodgMn disease. 

In apreferred embodiment, the expression of a EBV gene is reduced. 

5 ^^P^^f^'^^^bodimenttheexpressionofahumangenethatisrequiredforEBV 
replication is reduced. 

Methods of the invention also provide for treating patients infected by Kaposi's Sarcoma- 
associated Heipes Virus (KSHV), also caUed human heq,esvirus 8. or patients at risk ^ 

afflicted wilhadisorder mediated by KSHV.e.g.,Kaposi'ssaxcoma, multicentric C^^^^ 
0 disease and AIDS^associated primary effusion lymphoma. 

In aprefened embodiment, the expression of aKSHV gene is reduced. 

In apreferred embodiment the expression of ahuman gene that is required for KSHV 
replication is reduced. 

The invention also includes a method for f eating patients infected by the JC Virus (JCV) 
' or a disease or disorder associated with tiiis virus, e.g., progressive multifocal 
leukoencephalopathy (PML). 

In a preferred embodiment, the expression of a JCV gene is reduced. 

In prefeired embodiment the expression of a hmnan gene Ihat is required for JCV 
replication is reduced. 

Methods of the invention also provide for treating patients infected by tiie myxovinis or 
at nsk for or afiOicted witii a disorder mediated by myxovinis, e.g., influenza. 

In a preferred embodiment, the expression of a myxovinis gene is reduced. 

mapreferxed embodiment the expression ofahmnan gene that is required for myxovinis 
replication is reduced. 

Methods of the invention also provide for treating patients infected by the rhinovinis or at 
nsk for of afflicted with a disorder mediated by rhinovinis, e.g., the common cold. 

In a preferred embodiment, die expression of a rhinovinis gene is reduced 
189 
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In preferred embodiment Sie expression of a human gene that is required for rhinovirus 
replication is reduced. 

Methods of the invention also provide for treating patients infected by the coronavirus or 
at risk for of afflicted with a disorder mediated by coronavirus, e.g., the common cold. 

In a preferred embodiment, the expression of a coronavirus gene is reduced. 

In preferred embodiment the expression of a human gene that is required for coronavirus 
replication is reduced. 

Methods of the invention also provide for treating patients infected by the flavivirus West 
Nile or at risk for or afflicted with a disorder mediated by West Nile Virus. 

In apreferred embodiment, the expression of a West Nile Virus gene is reduced. In 
another preferred embodiment, the West Nile Virus gene is one of the group comprising E NS3 
orNSS. 6 ' . 

In a preferred embodiment the expression of a human gene that is required for West Nile 
Virus replication is reduced. 

Methods of the invention also provide for treating patients infected by the St Louis 
Encephalitis flavivirus, or at risk for or afflicted with a disease or disorder associated with this 
virus, e.g., viral haemorrhagic fever or neurological disease. 

In a prefened embodiment, the expression of a St. Louis Encephalitis gene is reduced. 

In a preferred embodiment the expression of a human gene that is required for St Louis 
Encephalitis virus replication is reduced. 

Methods of the invention also provide for treating patients infected by the Tick-bome 
encephalitis flavivirus, or at risk for or afflicted with a disorder mediated by Tick-bome 
encephahtis virus, e.g., viral haemorrhagic fever and neurological disease. 

In a preferred embodiment the expression of a Tick-bome encephalitis virus gene is 
reduced. 

In a preferred embodiment the expression of a human gene that is required for Tick- 
bome encephalitis vims replication is reduced. 
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Methods otthe invention also provide for methods oftreatiBg patients Mectedbyft^ 

MurrayValleyencephaHtisflavivirus, which conmionly results in vixalhaemo^^^^^ 
neurological disease. 

m apreferxed embodiment, the expressionof a Murray Valley encephalitis virus gene is 



reduced, 



Inapreferred embodiment the expression ofahuman gene that is required for Murray 
Valley encephalitis virus replication is reduced. 

The invention also includes methods for treating patients infected by the dengue 
flavivirus, or a disease or disorder associated with this virus. e.g.. 



0 to a preferred embodiment, the expression of a dengue virus gene is reduced. 

hi a preferred embodiment the expression of a human gene that is required for dengue 
vmis rephcation is r^uced. 

Methods of the invention also provide for freating patients infected by the Simian Virus 
40 (S V40) or at risk for or afflicted with a disorder mediated by SV40, e.g., tumorigenesis. 

In a preferred embodiment, the expression of a SV40 gene is reduced. 

In a preferred embodhnent the expression of a human gene that is required for SV40 
replication is reduced. 

The invention also includes methods for treating patients infected by the Human T CeU 

Lymphotropic Virus (HTLVXoradisease or disorder associated with tMsvinrs..^^^ 
and myelopathy. 

In a preferred embodiment, the expression of a HTLV gene is reduced. In another 
preferred embodiment the HTLVl gene is the Tax transcriptional activator. 

In a preferred embodiment the expression of a human gene that is required for HTLV 
replication is reduced. 

Methods of tiie invention also provide for treating patients infected by the Moloney- 

Munne Leukemia Virus (Mo-MuLV) or at risk for or afflicted withadisorder mediated byMo- 
MuLV. e.g., T-cell leukemia. 
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In a preferred embodiment, the expression of a Mo-MuLV gene is reduced. 

la apreferred embodiment the expression of a human gene that is required for Mo-MuLV 
replication is reduced. 

Methods of to mvemion abo provide for tteating patients infectsd by the 
5 "==P'-l°«3™«rditisvin«(EMCV)oratriskf„rorafflict«iwifl,adi«,riermediat^ 
BMCV.eg, n^carditi,. BMCV leads h,„y«=ardi.is in mice a«l pigs and is capable of 

mieotmgh,,n^n,yocardialcens.TMsviru.istbe,ef„reaconoemforpa.i^^ 

xenotransplantation. 

In a preferred embodiment, the expression of a EMCV gene is reduced. 

0 ^^P^^f«"^^d«°^bodimenttheexpressionofahumangenethatisrequiredforEM^ 
replication is reduced. 

The invention also includes a method for treating patients infected by the measles virus 
(MV) or at risk for or afflicted withadisordermediatedbyMV...^. measles. 
In apreferred embodiment, the expression of a MV gene is reduced. 

> ^"P-^^f^^^^^^bodimenttheexpressionofahumangenethatisrequir^dforMV 
replication is reduced. 

•°"""'=°«<'»^i«^W«am«bodfortreatingpatientsinfectedbythcVericeUa«,s(er 

™«(VZV)ora.riskfer<^affBcted™,badisordermediatedbyVZV..g.chiokenpoxor 
shingles (also called zoster). 

In a preferred embodiment, the expression of a VZV gene is reduced. 

m a preferred embodiment the expression of a human gene that is required for VZV 
replication is reduced. 

^^i^ventionalsoincludesamethodfortreatingpatientsinfectedbyanadenovm^ 
nskfor or afflicted withadisorder mediated by an adenovin^s, .^.respiratory 

In a preferred embodiment, the expression of an adenovirus gene is reduced. 

^-P-f-ed^nbodimenttheexpressionofahumangenethatisrequiredforadenovi^^ 
rephcation is reduced. 
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The invention includes a method for treating patients infected by a yellow fever virus 
(YFV) or at risk for or afiOicted with a disorder mediated by a YFV, e.g. respiratory tract 



infection. 



In a preferred embodiment, the expression of a YFV gene is reduced. In another 
preferred embodiment, the preferred gene is one of a group that includes the E, NS2A, or NS3 



In a preferred embodiment the expression of a human gene that is required for YFV 
replication is reduced. 

Methods of the invention also provide for treating patients infected by the poliovirus or at 
risk for or afflicted with a disorder mediated by poliovirus, e.g., polio. 

In a preferred embodiment, the expression of a poliovirus gene is reduced. 

In a preferred embodiment the expression of a human gene that is reqdred for poUovirus 
replication is reduced. 

Methods of the invention also provide for treating patients infected by a poxvirus or at 
risk for or afflicted with a disorder mediated by a poxvirus, e.g., smaUpox 

In a preferred embodiment, the expression of a poxvirus gene is reduced. 

In apreferred embodiment the expression of a human gene that is required for poxvirus 
replication is reduced. 

In another, aspect the invention features methods of treating a subject infected with a 
pathogen, e.g., a bacterial, amoebic, parasitic, or fungal pathogen. The method includes: . 

providing a iRNA agent, e.g., a siRNA having a structure described herein, where siRNA 
is homologous to and can silence, e.g., by cleavage of a pathogen gene; 

administering the iRNA agent to a subject, prefereably a human subject, 
thereby treating the subject. 

The target gene can be one involved in growth, ceU wall synthesis, protein synthesis, 
transcription, energy metabolism, e.g., the Krebs cycle, or toxin production. 
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Thus, the present iBventionprovidesforamelhodoftreatiBgpatientsM^^^ 
Plasmodium that causes malaria. 

^^P-f-edembodiment.theexpressionofapIasmodiumgeneisr^^^^^^^ ^.another 
preferred embodrnient, the gene is apical membrane antigen 1 (AMAl). 

In a preferred embodiment the expression of a human gene that is required for 
Plasmodium replication is reduced. 

»lce™^c»radi^<„.disorfer associated «ia this paftog«.e.^.BimUi^^^ 
B.aprefe,Tedembodime«.,l.e«xpr=ssi<mofaMycobacteriamulce^ 

baprefcm^i embodiment .l««^a„„fai,„a„g„,a.^i,,,^ 
Mycobacterium ulcerans i:q)Hcation is reduced. 

■n'^-^a^^toohdesmethodstotreatingpaaenteWectedbythcMycob^^ 
tuberculosis, oradisease or disorder associated with this pathogen. e.^.,„be™^osis. 



reduced. 



m a preferred embodiment, the expression of a Mycobacterium tuberculosis gene is - 



Inapreferxedembodimenttheexpressionofahumangenelhatisrequiredfor 
- Mycobacterium tuberculosis replication is reduced. 

^^---^-alsoincludesmethodsfortreatingpatientsinfectedbythe 
. leprae, or a disease or disorder associated with this pathogen. e.g. leprosy. 

m apreferred embodiment, the expression of a Mycobacterium leprae gene is reduced. 

In apreferred embodiment the expression of a human gene that is required for 
Mycobacterium leprae replication is reduced. 

The invention also includes methods for treating patients infected by the bacteria 
Stapylocc^cus aureus, oradiseaseordisorder associated with^^ 
ine SKin and muscous membranes. 

Mapreferxed embodiment, the expression ofaStaphylococcus aureus gene is reduced. 
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In a preferred embodiment the expression of a human gene that is required for 
Staphylococcus aureus replication is reduced. 

The invention also includes methods for treating patients infected by the bacteria 
Streptococcus pneumoniae, or a disease or disorder associated with this pathogen, e.g. 
i pneumonia or childhood lower respiratory tract infection. 

In a preferred embodiment, the expression of a Streptococcus pneumoniae gene is • 
reduced. 

In a preferred embodiment the expression of a human gene that is required for 

Streptococcus pneumoniae replication is reduced. 

The invention also includes methods for treating patients infected by the bacteria 
Streptococcus pyogenes, or a disease or disorder associated with this pathogen, e.g. Strep throat 
or Scarlet fever. 

In a preferred embodiment, the expression of a Streptococcus pyogenes gene is reduced. 

In a preferred embodiment the expression of a human gene that is required for 
Streptococcus pyogenes replication is reduced. 

The invention also includes mefliods for heating patients infected by the bacteria 
Chlamydia pneumoniae, or a disease or disorder associated wifli this pathogen. e.g. pneumonia 
or childhood lower respiratory tiact infection 

In a preferred embodiment, the expression of a Chlamydia pneumoniae gene is reduced. 

In a preferred embodiment the expression of a human gene that is required for Chlamydia 
pneumoniae rq)lication is reduced. 

The invention also includes methods for treating patients infected by the bacteria 
Mycoplasma pneumoniae, or a disease or disorder associated witir this pathogen. e.g. pneumonia 
or childhood lower respiratory tract infection 

hi a preferred embodiment, tiie expression of a Mycoplasma pneumoniae gene is reduced. 

hi a preferred embodiment tiie expression of a human gene tiiat is required for 
Mycoplasma pneumoniae replication is reduced. 
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In one aspect, the invention features, a method of treating a subject, e.g., a human, at risk 
for or afflicted with a disease or disorder characterized by an unwanted immune response, e.g., 
an inflammatory disease or disorder, or an autoimmune disease or disorder. The method 
includes: 

providing an iRNA agent, e.g., an iRNA agent having a structure described herein, which 
iRNA agent is homologous to and can silence, e.g., by cleavage, a gene which mediates an 
unwanted immune response; 

administering the iKNA agent to a subject, 

thereby treating the subject. 

hi a preferred embodiment the disease or disorder is an ischemia or reperfusion injury, 
e.g., ischemia or reperfusion injury associated with acute myocardial infarction, unstable angina, 
cardiopuhnonary bypass, surgical intervention e.g., angioplasty, e.g., percutaneous transluminal 
coronary angioplasty, the response to a transplantated organ or tissue, e.g„ transplanted cardiac 
or vascular tissue; or thrombolysis. 

In a preferred embodiment the disease or disorder is restenosis, e.g., restenosis associated 
with surgical intervention e.g., angioplasty, e.g., percutaneous transluminal coronary angioplasty. 

In a prefered embodiment the disease or disorder is Inflammatory Bowel Disease, e.g., 
Crohn Disease or Ulcerative Colitis. 

In a prefered embodiment the disease or disorder is inflammation associated with an 
infection or injury. 

In a prefered embodiment the disease or disorder is asthma, lupus, multiple sclerosis, 
diabetes, e.g., type H diabetes, arthritis, e.g., rheumatoid or psoriatic. 

hi particularly preferred embodiments the iRNA agent silences an integrin or co-ligand 
thereof, e.g., VLA4, VCAM, ICAM. 

hi particularly preferred embodiments the iRNA agent silences a selectin or co-Kgand 
thereof, e.g., P-selectin, E-selectin (ELAM), I-selectin, P-selectin glycoprotein-! (PSGL-1). 

In particularly preferred embodiments the iRNA agent silences a component of the 
complement system, e.g., C3, 05, C3aR, C5aR, C3 convertase, 05 convertase. 
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In particularly preferred embodiments the iRNA agent silences a chemokine or receptor 
thereof, e.g., TNFI, TNFJ, DL-II, IL-IJ, JL-2, IL-2R. 11^. H^R, II.5, IL-6. IL-8, TNFRI, 
TNERfl, IgE, SCYAl 1, CCR3. 

In other embodiments the iRNA agent silences GCSF, Grol, Gro2, Gio3, PF4, MIG, Pro- 
Platelet Basic Protein (PPBP), MIP-II, MIP-1 J, RANTES, MCP-1. MCP-2, MCP-3, CMBKRl, 
CMBKR2, CMBKR3, CMBKR5, AIF-1, 1-309. 

In one aspect, the invention features, a method of treating a subject, e.g., a human, at risk 
for or afflicted with acute pain or chronic pain. The method includes: 

providing an iRNA agent, which iRNA is homologous to and can silence, e.g., by 
cleavage, a gene which mediates the processing of pain; 

administering the iRNA to a subject, 

thereby treating tiie subject. 

In particularly preferred embodiments the iRNA agent silences a component of an ion 
channel. 

In particularly preferred embodiments the iRNA agent silences a neurotransmitter 
receptor or ligand. 

In one aspect, the invention features, a method of treating a subject, e.g., a human, at risk 
for or afflicted with a neurological disease or disorder. The method includes: 

providing an iRNA agent which iRNA is homologous to and can silence. e.g., by 
cleavage, a gene which mediates a neurological disease or disorder, 

administering the iRNA agent to a subject, 

thereby treating the subject. 

In a prefered embodiment the disease or disorder is Alzheimer's Disease or Parkinson 



In particularly preferred embodiments the iRNA agent silences an amyloid-family gene, 
e.g., APP; a presenilin gene, e.g., PSENl and PSEN2, or I-synuclein. 
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In a preferred embodiment the disease or disorder is a neurodegenerative trinucleotide 
repeat disorder, e.g., Huntington disease, dentatorabial paUidoluysian atrophy or a 
spinocerebellar ataxia, e.g., SCAl, SCA2, SCA3 (Machado-Joseph disease), SCA7 or SCA8. 

In particularly preferred embodiments the iRNA agent silences HD, DRPLA, SCAl, SCA2, 
MJDl, CACNL1A4, SCA7, SCA8. 

The loss of heterozygosity (LOH) can result in hemizygosity for sequence, e.g., genes, in 
the area of LOH. This can result in a significant genetic difference between normal and disease- 
state cells, e.g., cancer cells, and provides a useful difference between normal and disease-state 
cells, e.g., cancer ceUs. This difference can arise because a gene or other sequence is 
heterozygous in euploid ceUs but is hemizygous in cells having LOH. The regions of LOH wiU 
often include a gene, the loss of which promotes unwanted proUferation, e,g., a tumor suppressor 
gene, and other sequences including, e.g., other genes, in some cases a gene which is essential 
for nomial function, e.g., growth. Methods of the invention rely, in part, on the specific cleavage 
or silencing of one allele of an essential gene wilh an iRNA agent of the invention. The iRNA 
agent is selected such that it targets the single allele of the essential gene found in the cells 
having LOH but does not silence the other allele, which is present in cells which do not show 
LOH. In essence, it discriminates between the two alleles, preferentially silencing the selected 
allele. In essence polymorphisms, e.g., SNPs of essential genes that are affected by LOH, are 
used as a target for a disorder characterized by ceUs having LOH, e.g., cancer ceUs having LOH. 

Kg., one of ordinary skill in the art can identify essential genes which are in proximity to 
tumor supf)ressor genes, and which are within a LOH region which includes the tumor 
suppressor gene. The gene encoding the large subunitofhumanRNA polymerase II,P0LR2A, 
a gene located m close proximity to the tumor suppressor gene p53, is such a gene. It fiequently 
occurs within a region ofLOH in cancer cells. Other genes that occur withm LOH regions and 
are lost in many cancer cell types include the group comprising replication protein A 70-lcDa 
subunit, replication protein A 32-kD, ribonucleotide reductase, thymidilate synthase, TATA 
associated factor 2H, ribosomal protein S14, eukaryotic initiation factor 5A, alanyl tRNA 
synthetase, cysteinyl tRNA synthetase, NaK ATPase, alpha-1 subunit, and transferrin receptor. 

Accordingly, the invention features, a method of treating a disorder characterized by 
LOH, e.g., cancer. The method includes: 
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optionaUy, deteimimng the genotype of the allele of a gene in the region of LOH and 
preferably determining the genotype of both aHeles of the gene in a normal cell; 

providing an iRNA agent which pieferentiaUy cleaves or silences the allele found in the 
LOH cells; 

administeming the iRNA to the subject, 
thereby treating the disorder. 

The invention also includes a iRNA agent disclosed herein, e.g, an iRNA agent which 
can preferentially silence, e.g., cleave, one aUele of a polymorphic gene 

hi another aspect, the invention provides a method of cleaving or silencing more than one 
gene with an iRNA agent. In these embodiments the iRNA agent is selected so that it has 
sufficient homology to a Sequence found m more than one gene. For example, the sequence 
AAGCTGGCCCTGGACATGGAGAT (SEQ ID NO:55) is conserved between mouse lamin BI, 
laminB2.keratm complex 2-gene 1 andlaminA/C. Thus an iRNA agent targeted to this 
sequence would effectively silence the entire coUection of genes. 

The invention also includes an iRNA agent disclosed herein, which can silence more 
than one gene. 

ROUTE OF DF,T.TVPT?V 

For ease of exposition the fonnulations, compositions and methods in this section are 
discussed largely with regard to unmodified iRNA agents. It should be understood, however, 
that these formulations, compositions and methods can be practiced with other iRNA agents,' 
e.g., modified iRNA agents, and such practice is within the mvention. A composition that ' 
includes a iRNA can be delivered to a subject by a variety of routes. Exemplary routes mclude: 
intravenous, topical, rectal, anal, vagmal, nasal, puhnonary, ocular. 

The iRNA molecules of the mvention can be incorporated into pharmaceutical 
compositions suitable for administration. Such compositions typically include one or more 
species of iRNA and a pharmaceutically acceptable carrier. As used herein the language 
"pharmaceutically acceptable carrier" is intended to mclude any and all solvents, dispersion 
media, coatings, antibacterial and antifimgal agents, isotonic and absorption delaying agents, and 
the hke, compatible with pharmaceutical admmistration. The use of such media and agents for 
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pharmaceutically active substances is weU known in the art. Except insofar as any conventional 
media or agent is incompatible with the active compound, use thereof in the compositions is 
contemplated. Supplementary active compounds can also be incorporated into the compositions. 

The pharmaceutical compositions of the present invention may be administered in a 
number of ways depending upon whether local or systemic treatment is desired and upon the 
area to be treated. Administration may be topical (including ophthalmic, vaginal, rectal, 
intranasal, transdermal), oral or parenteral. Parenteral administration includes intravenous drip, 
subcutaneous, intraperitoneal or intramuscular injection, or intrathecal or intraventricular 
administration. 

The route and site of administration may be chosen to enhance targeting. For example, to 
target muscle cells, intramuscular injection into the muscles of mterest would be a logical choice. 
Lung cells might be targeted by administering the iKNA in aerosol form. The vascular 
endothelial cells could be targeted by coating a balloon catheter with the iRNA and mechanically 
introducing the DNA. 

Formulations for topical administration may include transdermal patches, ointments, 
lotions, creams, gels, drops, suppositories, sprays, liquids and powders. Conventional 
phannaceutical carriers, aqueous, powder or oily bases, thickeners and the like maybe necessary 
or desirable. Coated condoms, gloves and the hke may also be useful. 

Compositions for oral adminish^tion include powders or granules, suspensions or 
solutions in water, syrups, elixirs or non-aqueous media, tablets, capsules, lozenges, or troches. 
In the case of tablets, carriers that can be used include lactose, sodium citi-ate and salts of 
phosphoric acid. Various disintegrants such as starch, and lubricating agents such as magnesium 
stearate, sodium lauryl sulfate and talc, are commonly used in tablets. For oral administration in 
capsule form, useful diluents are lactose and high molecular weight polyethylene glycols. When 
aqueous suspensions are required for oral use, the nucleic acid compositions can be combined 
with emulsifying and suspending agents. If desired, certain sweetenmg and/or flavoring agents 
can be added. 

Compositions for intirathecal or inti-aventoicular administration may include sterile 
aqueous solutions which may also contain buffers, diluents and other suitable additives. 

Formulations for parenteral administration may include sterile aqueous solutions which 
may also contain buffers, diluents and other suitable additives. Intraventricular injection may be 
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meaylcellulose or p„.y(™yl alcohol), p«erva«ve. ™oh as soAic acid. EDTA or 
benzylctao„tacUcride,andthc.,saalq.a„WesofdiIu««sand/orcam^^ 

Topical Dftlivpry 

-^™a,«.ands^p,acficciswlfl^«,cinvc„«oo. ^ a p„fc„ed ^.odL. r 

^agc^..ado„bl^..a„dcdamAag.,.3RKAa,»,(.,./ap«..,^ 

*^=^**-'»P--=ain,„asRNAagen,oraDNAwWchc„codesa„li,A 

a^e«..ado*,.stadedaNAagen,„rsRNAage„,orp™a,e«oi) i.delivc«dtoa 
2-™«,.ca,ad^^«o„. ^„,,^,^^„„^„^ 

^.actagtte fo^^on directly ,„as.face„f.he.bject The .ostco™ 

<teh,«y..mes,^..„.aco.p„3mo. disclosed hereincanalsobedi^cuyappjj^ 

™^o,.,e.ody,.,,.oU.ceye.an,„cous.en,.rane..s^orabL^avi.y;!l 

»..n^s^ace.As„c„Ho„eda,.ve.mc.os.co».o„.opica,deliv.ryis.oLsk^reL 
^compassesseveral^utesofadminisWonincludin^ta^.^^^,^^^- ^ 

.™Mc™al.Tlese.odesofada.ois.aHon.ypicaByincludape„e.^on„fa„s^^^ 
p™.ybaniera„defflcie„.dclivery.od.e.a:,««ssueorsW^ 

dehvery , .he co.pos.toa. Topics 3^^^^^^^^^ 

The term "sldn," as ased herein, refers to fl>e <pid«™s and/or denrJs of an animal 

Ma^han sl^r consists of^vo„a;or.distelaye,.■aeou,e^h^of*.skiniscal,edfl« 

^.dennrs. The epiderotis is comprised ofU.es..,™ corneun^aeslramm^^^ 

stratum spmos™. and tt.es.rannnhasale.wid,fl.s.ra.„n,c„„e„„^^^^^^;^^^ 
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skin and the stratum basale being the deepest portion of the epidermis. 
50 Mm and 0.2 mm thick, depending on its location on the body. 
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The epidermis is between 



Beneath the epidermis is the dermis, which is significantly thicker than the epidermis. 
The demis is primarily composed of coUagen in the form of fibrous bundles. The coUagenous 
bundles provide support for, inter aUa, blood vessels, lymph capillaries, glands, nerve endings 
and immunologically active cells. 

One of the major functions of the skin as an organ is to regulate the entry of substances 
into the body. The principal permeability barrier of the skin is provided by the stratum comeum, 
which is formed from many layers of cells in various states of differentiation. The spaces 
between cells in the stratum comeum is filled with different lipids arranged in lattice-like 
formations that provide seals to further enhance the skins penneability barrier. 

The permeabiKty hairier provided by the skin is such that it is largely impermeable to 
molecules having molecular weight greater than about 750 Da. For larger molecules to cross the 
skin's ipermeability barrier, mechanisms other than normal osmosis must be used. 

Several factors determine the permeability of the skin to administered agents. These 
factors include the characteristics of the treated skin, the characteristics of tiie delivery agent, 
interactions between both the drug and delivery agent and the drug and skin, the dosage of the 
drug applied, the form of treatinent, and the post treatinent regunen. To selectively target the 
epidermis and dermis, it is sometimes possible to formulate a composition that comprises one or 
more penetration enhancers that will enable penetration of the drug to a preselected stratum; 

Transdermal delivery is a valuable route for the administration of lipid soluble 
therapeutics. The dermis is more permeable than the epidermis and therefore absorption is much 
more rapid through abraded, burned or denuded skin. Inflammation and other physiologic 
conditions that increase blood flow to the skin also enhance transdermal adsorption. Absorption 
via this route may be enhanced by the use of an oily vehicle (inunction) or through the use of one 
or more penetration enhancers. Other effective ways to deliver a composition disclosed herein 
via the transdermal route include hydration of the skin and the use of confaxjlled release topical 
patches. The transdermal route provides a potentially effective means to deUver a composition 
disclosed herein for systemic and/or local therapy. 

Ja addition, iontophoresis (transfer of ionic solutes through biological membranes under 
the influence of an electric field) (Lee et al. Critical Reviews in Therapeutic Drug Carrier 
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Systems, 1991, p. 163), phonophoresis or sonophoresis (use of ultrasound to enhance the 
absorption of various therapeutic agents across biological membranes, notably the skin and the 
cornea) (Lee et al. Critical Reviews in Therapeutic Drug Carrier Systems, 1991, p. 166), and 
optimization of vehicle characteristics relative to dose position and retention at the site of 
administration (Lee et al. Critical Reviews in Therapeutic Drug Carrier Systems, 1991, p. 168) 
may be useful metiiods for enhancing the transport of topically applied compositions across skin 
and mucosal sites. 

The compositions and methods provided may also be used to examine the function of 
various proteins and genes in vitro in cultured or preserved dermal tissues and in animals. The 
invention can be thus applied to examine the function of any gene. The methods of the invention 
can also be used ther^eutically or prophylactically. For example, for the treatment of animals 
that are known or suspected to suffer ftom diseases such as psoriasis, lichen planus, toxic 
epidermal necrolysis, ertythema multiforme, basal cell carcinoma, squamous cell carcinoma, 
malignant melanoma, Paget's disease, Kaposi's sarcoma, pulmonary fibrosis, Lyme disease and 
viral, fungal and bacterial infections of the skin. 

Puhnonarv Delivery 

For ease of exposition the formulations, compositions and methods in this section are 
discussed largely with regard to unmodified iRNA agents. It should be understood, however, 
that these formulations, compositions and methods can be practiced with other iRNA agents, e.g., 
modified iRNA ajgents, and such practice is witbin the invention. A composition that includes an 
iRNA agent, e.g., a double-stranded iRNA agent, or sRNA agent, {e.g., a precursor, e.g., a larger 
iRNA agent which can be processed into a sRNA agent, or a DNA which encodes an iRNA 
agent, e.g., a double-stranded iRNA agent, or sKNA agent, or precursor thereof) can-be 
administered to a subject by puhnonary dehvery. Puhnonary delivery compositions can be 
deUvered by inhalation by the patient of a dispersion so that the composition, preferably iRNA, 
within the dispersion can reach the lung where it can be readily absorbed through the alveolar 
region directly into blood circulation. Pulmonary delivery can be effective both for systemic 
dehvery and for locaUzed delivery to treat diseases of the lungs. 

Puhnonary delivery can be achieved by different approaches, including the use of 
nebuUzed, aerosolized, micellular and dry powder-based formulations. Delivery can be achieved 
with Uquid nebulizers, aerosol-based inhalers, and dry powder dispersion devices. Metered-dose 
devices are preferred. One of the benefits of using an atomizer or inhaler is that the potential for 
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contannnationisminimizedbe^^^^^^^ Dry powder dispersion 

devices, for example, deliver drugs that may be readily fonn^dated as dry powder. AiRNA 
composition may be stably stored as lyophilized or spray-driedpowders by itself or in 
combination with suitablepowder carriers. The deliveryofacomposition for inhalati^^ 
mediatedbyadosing timing element which can includeatimer.adose counter, timemeas^^ 
device, oratime indicator wWch when incorporated into the device enables dose ti^cld^^ 
comphancemonitoring. and/or dose triggering toapatient during administration ofthea^^^^^ 



The term 'powder" meansacomposition that consists offinely dispersed sohd particles 
0 that are free flowing and capable of being readily dispersed in an inhalation device and 

subsequentlyinhaledbyasubject so that Iheparticlesreach the lungs tope^^ 

the alveoh.llius,thepowder is sdd to be 'Vespirable/' Preferably the averageparti^ 

less than aboutlO^in diameter preferablywitharelativelyunifonn spheroidal shape 

distribution. Morepreferably the diameter is less than about7.5;«n and most prefera^ 

■> ^^-'^t^.O^an.UsuaUytheparticlesizedistributionisbetweenaboutO.l/unandab 
diameter, particularly about 0.3 fan to about 5 (mi. 

The term "dry means that the composition has a moisture content below about IQo/o by 
weight(o/ow)water.usuallybelowabout5o/owandprefei*ly,essitthanabout3o/„w Adry 

composition can be such that the particles arereadilydispersible in an inhalat^^^ 
an aerosol. 

Thetenn'1iempeuticallyeffecSv=amo»nrtotheamountpres«,,tafl,ec<^ 
physiological response. 

The term '^physiologically effective amount" is that amount delivered to a subject to give 
the desired palliative or curative effect. 

^^^^^^'^PhannaceuticaUyacceptablecarrier-'meansthatthecarriercanbetake^ 
the lungs with no significant adverse toxicological effects on the lungs. 

The types of pharmaceutical excipients that are usefiil as carrier include stabilizers such 
as human semm albumin (HSA). bulking agents such as carbohydrates, amino acids and 
polypeptides; pH adjusters or buffers; salts such as sodium chloride; and the like. These c 
may be in a crystalline or amorphous fomi or may be a mbcture of the two. 
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Bulking agents that are particularly valuable include compatible carbohydrates, 
polypeptides, amino acids or combinations thereof. Suitable carbohydrates include 
monosaccharides such as galactose, D-mannose, sorbose, and the like; disaccharides, such as 
lactose, trehalose, and the like; cyclodextrins, such as 2-hydroxypropyl..beta.-cycIodextrin; and 
polysaccharides, such as raffinose, maltodextrins, dextrans, and the like; alditols, such as 
mannitol. xylitol, and the like. A preferred group of carbohydrates includes lactose, threhalose, 
rafSnose maltodextrins, and mannitol. Suitable polypeptides include aspartame. Amino acids 
include alaoine and glycine, with glycine being preferred. 

Additives, which are minor components of the composition of this invention, may be 
included for conformational stabiUty during spray drying and for improving dispersibility of the 
powder. These additives mclude hydrophobic amino acids such as tryptophan, tyrosine, leucine, 
phenylalanine, and the like. 

Suitable pH adjusters or buffers include organic salts prepared from organic acids and 
bases, such as sodium citrate, sodium ascorbate, and the like; sodium citrate is preferred. 

Puhnonary administration of a miceUar iRNA formulation may be achieved through 
metered dose spray devices with propellants such as tetrafluoroethane, heptafluoroethane, 
dimethylfluoropropane, tetrafluoropropane, butane, isobutane, dimethyl ether and othernon-CFC 
and CFC propellants. 

Oral or Nasal Delivery 

For ease of exposition the formulations, compositions and methods in this section are 
discussed largely with regard to unmodified iRNA agents. It should be understood, however, 
tiiat these formulations; compositions and methods can be practiced with other iRNA agents, 
e.g., modified iRNA agents, and such practice is within the invention. Both the oral and nasal 
membranes offer advantages over other routes of admniistration. For example, drugs 
administered through these membranes have a rapid onset of action, provide ther^eutic plasma 
levels, avoid first pass effect of hepatic metaboUsm, and avoid exposure of the drug to the hostile 
gastromtestmal (GI) envkomnent. Additional advantages include easy access to the membrane 
sites so that the drug can be applied, localized and removed easily. 

hi oral delivery, compositions can be targeted to a surface of the oral cavity, e.g., to 
sublingual mucosa which includes the membrane of ventral surface of the tongue and the floor of 
the mouth or the buccal mucosa which constihites the Uning of the cheek. The sublingual mucosa 
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isrelativelypemeablethus giving rapid absorption and acceptable bioavd^^^^ 
dmgs. Further, the sublingual mucosa is convenient, acceptable and easily accessible. 

The ability of molecules to permeate through the oral mucosa appears to be related to 
molecular size, lipid solubility and peptide protein ionization. Small molecules, less than 1000 
daltons appear to cross mucosa rapidly. As molecular size increases, the permeability decreases 
rapidly. Lipid soluble compounds are more pemieable than non-lipid soluble molecules. 
Maximum absorption occurs when molecules are un-ionized or neutral in electrical charges, 
nierefore charged molecules present the biggest challenges to absorption through the oi^ 
mucosae. 

A pharmaceutical composition of iRNA may also be administered to the buccal cavity of 
a human being by spraying into the cavity, without inhalation, from a metered dose spray 
dispenser, a mixed miceUar pharmaceutical fonnulation as described above and a propellant. In 
one embodiment, the dispenser is first shaken prior to spraying the pharmaceutical formulation 
and propellant into the buccal cavity. 



For ease of exposition the devices, fomiulations, compositions and methods in this 
section are discussed largely with regard to unmodified iRNA agents. It should be understood, 
however, that these devices, formulations, compositions and methods can be practiced with other 
iRNA agents, e.g., modified iRNAagents. and such practice is within the invention. An iRNA 
agent, e.^.. a doubl^stranded iRNA agent, or sRNA agent, ie.g., aprecursor, e.g., a larger iRNA 
agentwhichcanbepiocessedintoasRNAagent, or a DNA which encodes an iRNA agent, eg 
a double-stranded iRNA agent, or sRNA agent, or precursor thereof) can be disposed on or in a ' 
device, e.g., a device which implanted or otherwise placed in a subject. Exemplary devices 
include devices which are introduced into the vasculature, e.g., devices inserted into the Imnen of 
a vascular tissue, or which devices themselves form a part of the vasculature, including stents, 
catheters, heart valves, and other vascular devices. These devices. e.g., catheters or stents, cai^ be 
placed in the vasculature of the lung, heart, or leg. 

Other devices include non-vascular devices, e.g., devices implanted in the peritonemn or 
m organ or glandular tissue, e.g., artificial organs. The device can release a therapeutic substance 
m addition to a iRNA, e.g., a device can release insulin. 

Other devices include artificial joints, e.g., hip joints, and other orthopedic implants. 
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In one embodiment, unit doses or measured doses of a composition that includes iKNA 
are dispensed by an implanted device. The device can include a sensor that monitors a parameter 
within a subject. For example, the device can include pump, e.g., and, optionally, associated 
electronics. 

Tissue, e.g., cells or organs, such as the kidney, can be treated with An iRNA agent, e.g., 
a double-stranded iRNA agent, or sRNA agent, {e.g., a precursor, e.g., a larger iRNA agent 
which can be processed into a sRNA agent, or a DNA which encodes an iRNA agent, e.g., a 
double-stranded iRNA agent, or sRNA agent, or precursor thereof) ex vivo and then 
administered or implanted in a subject. 

The tissue can be autologous, allogeneic, or xenogeneic tissue. For example, tissue (e.g., 
kidney) can be treated to reduce graft v. host disease. In other embodiments, the tissue is 
allogeneic and the tissue is treated to treat a disorder characterized by unwanted gene expression 
in that tissue, such as in the kidney. In another example, tissue containing hematopoietic cells, 
e.g., bone mairow hematopoietic cells, can be treated to inhibit unwanted cell proliferation. 

Introduction of treated tissue, whether autologous or transplant, can be combined with 
other ther^ies. 

In some implementations, the iRNA treated cells are insulated from other cells, e.g., by a 
semi-permeable porous barrier fliat prevents the cells &om leaving the implant, but enables 
molecules from the body to reach the ceUs and molecules produced by the cells to enter the body. 
Li one embodiment, the porous barrier is formed fiom alginate. 

In one embodiment, a contraceptive device is coated with or contains an iRNA agent, 
e.g., a double-stranded iRNA agent, or sRNA agent, {e.g., a precursor, e.g., a larger iRNA agent 
which can be processed into a sRNA agent, or a DNA which encodes an iRNA agent, e.g., a 
double-stranded iRNA agent, or sRNA agent, or precursor thereof). Exemplary devices include 
condoms, diaphragms, lUD (implantable uterine devices, sponges, vaginal sheaths, and birth 
control devices, iti one embodiment, the iRNA is chosen to inactive sperm or egg. In another 
embodiment, the iRNA is chosen to be conq)lementary to a viral or pathogen RNA, e.g., an RNA 
of an STD. In some instances, the iRNA composition can include a spennicide. 
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In one aspect, the invention features a method of administering an iRNA agent, e g a 
double-strandediRNAagent,orsRNAagent, to a subject (e.g., a human subject). Thlmeihod 
mcludes administering a unit dose of the iRNA agent, e.g., a sRNA agent, e.g., double stranded 
I sRNAagent that (a) the double-stranded part is 19-25 nucleotides (nt) long, preferably 21-23 nt 
(b) is complementary to a target RNA (e.g., an endogenous or pathogen target RNA) and, 
optionally, (c) includes at least one 3' overhang 1-5 nucleotide long. In one embodiment, the unit 
dose IS less than 1.4 mg per kg of bodyweight. or less than 10. 5, 2. 1. 0.5. 0.1 0 05 0 01 0 005 

0.001,0.0005, 0.0001.0.00005 orO.OOOOlmgper kg ofbodywdght. and less than 200 nmoleof 
RNA agent (e.g. about 4.4 x 10'<^ copies) per kg of bodyweight. or less than 1 500, 750. 300, 150. 
75. 15. 7.5. 1.5. 0.75. 0.15, 0.075. 0.015, 0.0075, 0.0015, 0.00075, 0.00015 nmole of RNA agent 
per kg of bodyweight. 

The defmed amomit can be an amount effective to treat or prevent a disease or disorder, 
e.g., a disease or disorder associated with the target RNA. such as an RNA present in the kidney. 
The unit dose, for example, can be administered by injection ie.g., intravenous or intramuscular), 
an inhaled dose, or atopical^hcation. Particularly prefen^ dosages are less than 2. l.orO.l' 
mg/kg of body weight. 

m a preferred embodiment, the unit dose is administered less frequently than once a day 
e.g., less than every 2, 4, 8 or 30 days, m another embodiment, the unit dose is not administered 
withafrequency(e.^..notaregularfrequency). For example, the unit dose may be administered 
a single time. 

In one embodiment, the effective dose is administered with other traditional therapeutic 
modalities. In one embodiment, the subject has a viral infection and the modality is an antiviral 
agent other than an iRNA agent, e.g., other than a double-stranded iRNA agent, or sRNA agent,. 
In another embodiment, the subject has atherosclerosis and the effective dose of an iRNA agent. 
e.g., a double-stranded iRNA agent, or sRNA agent, is administered in combination with, e.g., 
after surgical intervention, e.g., angioplasty. 

In one embodiment, a subject is administered an initial dose and one or more 
maintenance doses of an iRNA agent, e.g., a double-stranded iRNA agent, or sRNA agent, (e.g., 
a precursor. e.g., a larger iRNA agent which can be processed into a sRNA agent, or a DNA 
which encodes an iRNA agent. e.g., a double-stranded iRNA agent, or sRNA agent, or precursor 
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thereol). The maintenance dose or doses are geneiaUy lower than the initial dose, e.g., one-half 
less of the initial dose. A maintenance regimen can include treating the subject with a dose or 
doses ranging from 0.01 (ig to 1.4 mg/kg of body weight per day, e.g., 10, 1, 0.1, 0.01, 0.001, or 
0.00001 mg per kg of bodyweight per day. The maintenance doses are preferably administered 
no more than once every 5. 10, or 30 days. Further, the treatment regimen may last for a period 
of time which will vary depending upon the nature of the particular disease, its severity and the 
overall condition of the patient In preferred embodiments the dosage may be delivered no more 
than once per day, e.g., no more than once per 24, 36, 48, or more hours, e.g., no more than once 
for every 5 or 8 days. Following treatment, Ihe patient can be monitored for changes in his 
condition and for aUeviation of the symptoms of the disease state. The dosage of the compound 
may either be increased in the event the patient does not respond significantly to current dosage 
levels, or the dose may be decreased if an alleviation of the symptoms of the disease state is 
observed, if the disease state has been ablated, or if undesired side-effects are observed. 

The effective dose can be admmistered in a single dose or in two or more doses, as 
desired or considered appropriate under the specific circumstances. If desired to facilitate 
repeated or frequent infusions, implantation of a deUvery device, e.g., a pump, semi-pennanent 
stent (e.g., intravenous, intraperitoneal, intracistemal or intracapsular), or reservoir may be 
advisable. 

In one embodiment, the iRNA agent pharmaceutical composition includes a plurality of 
iKNA agent species. In another embodiment, the iRNA agent species has sequences that are 
non-overlapping and non-adjacent to another species with respect to a naturally occurring target 
sequence, hi another embodiment, the plurahty of iRNA agent species is specific for different 
naturally occurring taiget genes. In another embodiment, the iRNA agent is aUele specific. 

hi some cases, a patient is treated with a iRNA agent in conjunction with other 
therapeutic modaUties. For example, a patient bemg treated for a kidney disease, e.g., early stage 
renal disease, can be administered an iRNA agent specific for a taiget gene known to enhance the 
progression of the disease in conjunction with a drug known to inhibit activity of the target gene 
product. For example, a patient who has early stage renal disease can be treated with an iRNA 
agent that targets an SGLT2 RNA, in conjunction with the small molecule phlorizin, which is 
known to block sodium-glucose cotransport and to subsequently reduce single nephron 
glomerular filtration rate. In another example, a patient being treated for a cancer of the kidney 



wo 2004/090108 PCT/US2004/010586 

can be administered an iRNA agent specific for a target essential for tumor ceU proliferation in 
conjunction with a chemotherapy. 

Following successful treatment, it maybe desirable to have the patient undergo 
maintenance therapy to prevent the recurrence of the disease state, wherein the compound of the 
invention is administered in maintenance doses, ranging from 0.01 ^g to 100 g per kg of body 
weight (see US 6,107,094). 

The concentration of the iRNA agent composition is an amount sufficient to be effective 
in treating or preventing a disorder or to regulate a physiological condition m humans. The 
concentration or amount of iRNA agent administered wiU depend on the parameters determined 
for the agent and the method of administration, e.g. nasal, buccal, puhnonary. For example, 
nasal formulations tend to require much lower concentrations of some ingredients in order to 
avoid irritation or burning of the nasal passages. It is sometimes desirable to dilute an oral 
formulation up to 1 0-1 00 times in order to provide a suitable nasal formulation. 

Certain fectors may influence the dosage required to effectively treat a subject, including 
but not limited to the severity of the disease or disorder, previous treatments, the general health 
and/or age of the subject, and other diseases present. Moreover, treatment of a subject with a 
therapeutically effective amount of an iRNA agent, e.g., a double-stranded iRNA agent, or sRNA 
agent, (e.g., a precursor, e.g., a larger iRNA agent which can be processed into a sRNA agent, or 
a DNA which encodes an iRNA agent, e.g., a double-stranded iRNA agent, or sRNA agent, or 
precursor thereof) can include a single treatment or, preferably, can include a series of 
tireatinents. It will also be appreciated that the effective dosage of a iRNA agent such as a sRNA 
agent used for treatinent may increase or decrease over the course of a particular ti«atment. 
Changes in dosage may result and become apparent from the results of diagnostic assays as 
described herein. For example, the subject can be monitored after administering a iRNA agent 
composition. Based on information from the monitoring, an additional amoimt of the iRNA 
agent composition can be admim'stered. 

Dosing is dependent on severity and responsiveness of the disease condition to be treated, 
with the course of treatment lasting from several days to several months, or until a cure is 
effected or a diminution of disease state is achieved. Optimal dosing schedules can be calculated 
from measurements of drug accumulation in the body of the patient. Persons of ordinary skill can 
easily deteimine optimum dosages, dosing methodologies and repetition rates. Optimum dosages 
may vary depending on the relative potency of individual compounds, and can generally be 
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estimated based on EC50s fomid to be effective in in vitiv and in vivo animal models. In some 
embodiments, the animal models include transgenic animals that express a human gene, e.g. a 
gene that produces a target RNA. The transgenic animal can be deficient for the coires^nding 
endogenous RNA. hi another embodiment, the composition for testing includes a iRNA agent 
5 that is complementary, at least in an internal region, to a sequence that is conserved between the 
target RNA in the animal model and the target RNA in a human. 

The inventors have discovered that iRNA agents described herein can be administered to 
mammals, particularly large mammals such as nonhuman primates or humans in a number of 
ways. 

) In one embodiment, the administration of the iRNA agent, e.g., a double-stranded iRNA 

. agent, or sRNA agent, composition is parenteral, e.g. intravenous (e.g., as a bolus or as a 
•difiusibleinfiision), intradermal, intraperitoneal, intramuscular, intrathecal, intraventricular, 
intracranial, subcutaneous, transmucosal, buccal, sublingual, endoscopic, rectal, oral, vaginll, 
topical, puhnonary, intranasal, urethral or ocular. Administration can be provided by the ' 
subject or by another person, e.g., a health care provider. The medication can be provided in 
measured doses or in a dispenser which deUvers a metered dose. Selected modes of deUvery are 
discussed in more detail below. 

The invention provides methods, compositions, and Idts, for rectal administration or 
delivery of iRNA agents described herein. 

Accordingly, an iRNA agent. e.g., a double-stranded iRNA agent, or sRNA agent, (e.g., 
a precursor, e.g., a larger iRNA agent which can be processed into a sRNA agent , or a DNA ' 
which encodes a an iRNA agent. e.g., a double-sti^ded iRNA agent, or sRNA agent, or 
precursor thereof) described herein, e.g., a therapeutically effective amount of a iRNA agent 
described herein, e.g„ a iRNA agent having a double stranded region of less than 40, and 
preferably less than 30 nucleotides and having one or two 1-3 nucleotide single strand 3' 
overhangs can be administered rectally. e.g., introduced through the rectmn into the lower or 
upper colon. This approach is particularly useful in the treatinent of, inflammatory disorders, 
disorders characterized by unwanted cell proliferation, e.g., polyps, or colon cancer. 

The medication can be delivered to a site in the colon by introducing a dispensing device. 
e.g., a flexible, camera-guided device similar to that used for inspection of the colon or removal 
of polyps, which includes means for delivery of the medication. 
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The rectal administration of the IRNA agent is by means of an enema. The iRNA agent 
of the enema can be dissolved in a saline or buffered solution. The rectal administration can also 
by means of a siq)pository, which can include other ingredients, e.g., an excipient, e.g., cocoa 
butta: or hydropropylmethylcellulose. 

Any of the iENA agents described herein can be administered orally, e.g., in the form of 
tablets, capsules, gel capsules, lozenges, troches or Uquid syrups. Further, the composition can 
be applied topically to a surface of the oral cavity. 

Any of the iRNA agents described herein can be administered buccally. For example, the 
medication can be sprayed into the buccal cavity or applied directly, e.g., in a liquid, solid, or gel 
form to a surface in the buccal cavity. This administration is particularly desirable for the 
treatment of inflammations of the buccal cavity, e.g., the gums or tongue, e.g., in one 
embodiment, the buccal administration is by spraying into the cavity, e.g., without inhalation, 
from a dispenser, e.g., a metered dose spray dispenser that dispenses the pharmaceutical 
composition and a propellant. 

Any of the iRNA agents described herein can be administered to ocular tissue. For 
example, the medications can be applied to the surface of the eye or nearby tissue, e.g., the inside 
of the eyelid. They can be appUed topically, e.g., by spraying, in drops, as an eyewash, or an 
ointment. Administration can be provided by the subject or by another person, e.g., a health care 
provider. The medication can be provided in measured doses or m a dispenser which deUvers a 
metered dose. The medication can also be administered to the interior of the eye, and can be 
introduced by a needle or other delivery device which can introduce it to a selected area or 
structure. Ocular treatment is particularly desirable for treating inflammation of the eye or 
nearby tissue. 

Any of the iRNA agents described herein can be administered directly to the skin. For 
example, the medication can be applied topically or delivered in a layer of the skin, e.g., by the 
use of a microneedle or a battery of microneedles which penetrate into the skin, but preferably 
not into the underlying muscle tissue. Administration of the iRNA agent composition can be 
topical. Topical applications can, for example, deliver the composition to the dermis or 
epidermis of a subject. Topical administration can be in the form of transdermal patches, 
ointments, lotions, creams, gels, drops, suppositories, sprays, Uquids or powders. A composition 
for topical administration can be formulated as a Uposome, micelle, emulsion, or other lipophilic 



212 



wo 2004/090108 PCT/US2004/010586 

molecmar assembly. The transdennaladnmustrationcanbeappH^ 
enhancer, such as iontophoresis, phonophoresis, and sonophoresis. 

Any of the iRNA agents described herein can be administered to the pulmonary system 
Puhnonaiy administration can be achievedbyinhalation or by the introduction ofadelivery 
i 'J---to*epuhnonarysystem,e.^.,byintroducingadeliverydevicewMchcandispense^ 
medication. A preferred method ofpulmonary delivery is by mhalation. The medication can be 
provided inadispenser which delivers themedication,e.^., wet or dry.inafoxm sufficiently 
smallsuchthatitcanbeinhaled. The device can deliver a metered dose of medication. The 
subject, or another person, can administer the medication. 

Puhnonary dehvery is effective not only for disorders which directly affect puhnonary 
tissue, but also for disorders which affect other tissue. 

iRNA agents can be formulated as a liquid or nonliquid, e.g., a powder, crystal, or aerosol 
for pulmonary delivery. 

AnyoftheiRNAagentsdesciibedhereincanbeadministerednasaUy. Nasal 
administrationcanbeachievedbyintroductionofadeliverydeviceintothenose eg by 
mtroducingadeUvery device which can dispense the medication. Methods ofnasal delivery 
include spray, aerosol, Uquid. e.g., by d«,ps. or by topical administration to a surface of the nasal 
cavity. Themedicationcanbeprovidedinadispenserwithdeliveryoftiiemedication.^ wet 
or dry,maform sufficiently small such thatitcan be inhaled. The device can deliverametered 
dose of medication. TTae subject, or another person, can administer the medication. 

Nasal delivery is effective not only for disorders which direcfly affect nasal tissue, but 
also for disorders which affect other tissue 

iKNA agents canbe formulated as a liquid or nonliquid, e.g., apowder, crystal, or for 
nasal delivery. 

AniRNA agent can be packaged inaviralnatmBlcapsid or inachemically or 
enzymatically produced artificial capsid or struchire derived therefrom. 

The dosage of a pharmaceutical composition including a iRNA agent can be administered 
m order to alleviate the symptoms of a disease state, e.g., cancer or a cardiovascular disease. A 
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subject can be treated with the pharmaceutical composition by any of the methods mentioned 
above. 



Gene expression in a subject can be modulated by administering aphannaceutical 
composition including an iRNA agent. 

A subject can be treated by administering a defined amount of an iRNA agent, e.g., a 
double-stranded iRNA agent, or sRNA agent, (e.g., a precursor, e.g., a larger iRNA agent which 
can be processed into a sRNA agent) composition that is in a powdered form, e.g., a collection of 
microparticles, such as ciystallme particles. The composition can include a plurality of iRNA 
agents, e.g., specific for one or more different endogenous target RNAs. The method can include 
other features described herein. 

A subject can be treated by administering a defined amount of an iRNA agent 
composition that is prepared by a method fliat includes spray-drying, i.e. atomizing a liquid 
solution, emulsion, or suspension, immediately reposing the droplets to a drying gas, and 
collecting the resulting porous powder particles. The composition can include a plurality of 
iRNA agents, e.g., specific for one or more different endogenous target RNAs. The method can 
include other features described herein. 

The iRNA agent, e.g., a double-stranded iRNA agent, or sRNA agent, (eg., a precursor, 
e.g., a larger IRNA agent which can be processed into a sRNA agent, or a DNA which encodes 
an iRNA agent,. e.g., a double-stranded iRNA agent, or sRNA agent, or precursor thereof), can be 
provided in a powdered, crystallized or other finely divided form, with or without a carrier, e.g., 
a micro- or nano-particle suitable for inhalation or other pulmonary deUvery. This can include 
providing an aerosol preparation, e.g., an aerosolized spray-dried composition. The aerosol 
composition can be provided in and/or dispensed by a metered dose delivery device. 

The subject can be treated for a condition treatable by inhalation, e.g., by aerosolizing a 
spray-dried iRNA agent, e.g., a double-stranded iRNA agent, or sRNA agent, (e.g., a precursor, 
e.g., a larger iRNA agent which can be processed into a sRNA agent, or a DNA which encodes 
an iRNA agent, e.g., a double-stranded iRNA agent, or sRNA agent, or precursor thereof) 
composition and inhaling the aerosolized composition. The iRNA agent can be an sRNA. The 
composition can include a plurality of iRNA agents, e.g., specific for one or more different 
endogenous target RNAs. The method can include other features described herein. 
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A subject can be treated by. for example, administering a composition including an 
effective/defined amount of an iRNA agent, e.g., a double-stranded iRNA agent, or sRNA agent,' 
{e.g., a precursor, e.g., a larger iRNA agent which can be processed into a sRNA agent, or a 
DNA which encodes an iRNA agent, e.g., a double-stranded iRNA agent, or sRNA agent, or 
precursor thereof), wherein the composition is prepared by a method that includes spray-drying, 
lyophilization, vacuum drying, ev^oration, fluid bed drying, or a combination of these 
techniques 

In another aspect, the invention features a method that includes: evaluating a parameter 
related to the abundance of a transcript in a cell of a subject; comparing the evaluated parameter 
to a reference value; and if the evaluated parameter has a preselected relationship to the reference 
value {e.g., it is greater), administering a iRNA agent (or a precursor, e.g., a larger iRNA agent 
which can be processed into a sRNA agent, or a DNA which encodes a iRNA agent or precursor 
thereof) to the subject. In one embodiment, the iRNA agent includes a sequence that is 
complementary to the evaluated transcript. For example, the parameter can be a direct measure . 
of transcript levels, a measure of a protein level, a disease or disorder symptom or 
characterization {e.g., rate of cell proliferation and/or tumor mass, viral load). 

In another aspect, the invention features a method that includes: administering a first 
amount of a composition that comprises an iRNA agent, e.g., a double-stranded iRNA agent, or 
sRNA agent, {e.g., a precursor, e.g., a larger iRNA agent which can be processed mto a sRNA 
agent, or a DNA which encodes an iRNA agent, a double-stranded iRNA agent, or sRNA 
agent, or precursor thereof) to a subject, wherein the iRNA agent includes a strand substantially 
complementary to atarget nucleic acid; evaluating an activity associated with aprotein encoded 
by the target nucleic acid; wherein the evaluation is used to detennine if a second amount should 
be administered. In a preferred embodiment the method includes administering a second amount 
of the composition, wherein the timing of administration or dosage of the second amount is a 
function of the evaluating. The method can include other features described herein. 

hi another aspect, the invention features a method of administering a source of a double- 
stranded iRNA agent (ds iRNA agent) to a subject. The method includes administering or 
implanting a source of a ds iRNA agent, e.g., a sRNA agent, that (a) includes a double-stranded 
region that is 19-25 nucleotides long, preferably 21-23 nucleotides, (b) is complementary to a 
target RNA ie.g., an endogenous RNA or a pathogen RNA), and, optionaUy, (c) includes at least 
one 3- overhang 1-5 nt long, hi one embodiment, the source releases ds iRNA agent over tune. 
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e.g. the source is a controlled or a slow release source, e.g., a microparticle that gradually 
releases the ds iRNA agent In another embodiment, the source is a pump, e.g., a pump that 
includes a sensor or a pump that can release one or more unit doses. 

In one aspect, the invention features a phamaceutical composition that includes an iRNA 
agent, e.g., a double-stranded iRNA agent, or sRNA agent. {e.g., aprecursor, e.g., a larger iRNA 
agent which can be processed into a sRNA agent, or a DNA which encodes an iRNA agent, e.g., 
a double-stranded iRNA agent, or sRNA agent, or precursor thereof) including a nucleotide 
sequence complementary to a target RNA. e.g., substantially and/or exactly complementary. The 
taiget RNA can be a transcript of an endogenous hmnan gene. In one embodiment, the iRNA 
agent (a) is 19-25 nucleotides long, preferably 21-23 nucleotides, (b) is complementary to an 
endogenous target RNA. and. optionally, (c) includes at least one 3' overhang 1-5 nt long. In one 
embodiment, the phannaceutical composition can be an emulsion, microemulsion, cream, jelly, 
or liposome. 

In one example the pharmaceutical composition includes an iRNA agent mixed with a 
topical deUvery agent. The topical deUvery agent can be a plurality of microscopic vesicles. The 
microscopic vesicles can be liposomes. In aprefened embodiment the liposomes are cationic 
liposomes. 

In another aspect, the pharmaceutical composition includes an iRNA agent. e.g., a 
double-strandediRNAagent,orsRNAagent(e^..aprecnrsor,e.^.,alarger^^ 
can be processed into a sRNA agent, or a DNA which encodes an iRNA agent, e.g., a double- 
stranded iRNA agent, or sRNA agent, or precursor thereof admixed with a topical penetration 
enhancer. In one embodiment, the topical penetration enhancer is a fatty acid. The latty acid can 
be arachidonic acid, oleic acid, lauric acid, caprylic acid, capric acid, myristic acid, pahnitic acid, 
stearic acid, linoleic acid, linolenic acid, dicqjrate, tricaprate, monolein, dilaurin, glyceryl 1- 
monocapiate, l-dodecyla2acycloheptan-2-one, an acylcamitine, an acylcholine, or a C,.,o alkyl 
ester, monoglyceride, diglyceride or pharmaceutically acceptable salt thereof. 

In another embodiment, the topical penetration enhancer is a bile salt The bile salt can 
be cholic acid, dehydrocholic acid, deoxychoUc acid, glucholic acid, glychoUc acid, 
glycodeoxycholic acid, taurochoUc acid, taurodeoxycholic acid, chenodeoxychoUc acid, 
ursodeoxychoUc acid, sodium tauro-24,25-dihydro-fusidate, sodium glycodihydrofusidate. 
polyoxyethylene-9-lauryl ether or a pharmaceutically acceptable salt thereof. 
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In another embodiment, the penetration enhancer is a chelating agent. The chelating 
agent can be EDTA, citric acid, a salicyclate, a N-acyl derivative of collagen, Wth-9, an N- 
amino acyl derivative of a beta-diketone or a mixture thereof 

In another embodiment, the penetration enhancer is a surfactant, e.g„ an ionic or nonionic 
surfactant. The surfactant can be sodium lauryl sulfate, polyoxyethylene-9-lauryl ether, 
polyoxyethylene-20-cetyl ether, a perfluorchemical emulsion or mixture thereof 

In another embodiment, the penetration enhancer can be selected from a group consisting 
of unsaturated cyclic ureas, 1-alkyl-alkones, 1-alkenylazacyclo-alakanones, steroidal anti- 
inflammatory agents and mixtures thereof In yet another embodiment the penetration enhancer 
can be a glycol, a pyrrol, an azone, or a teipenes. 

In one aspect, the invention features a pharmaceutical composition including an iRNA 
agent, e.g., a double-stranded iRNA agent, or sRNA agent, {e.g., a precursor, e.g., a larger iRNA 
agent which can be processed into a sRNA agent, or a DNA which encodes an iRNA agent, e.g., 
a double-stranded iRNA agent, or sRNA agent, or precursor thereof in a form suitable for Iral ' 
delivery. In one embodiment, oral delivery can be used to deliver an iRNA agent composition to- • 
a cell or a region of the gastro-intestinal tract, e.g., small intestine, colon {e.g., to treat a colon 
cancer), and so forth. The oral delivery fonn can be tablets, capsules or gel capsules. In one 
embodiment, the iRNA agent of the pharmaceutical composition modulates expression of a 
ceUular adhesion protein, modulates a rate of cellular proliferation, or has biological activity 
against eukaiyotic pathogens or retroviruses. In another embodiment, the pharmaceutical 
composition includes an enteric material that substantially prevents dissolution of the tablets, 
capsules or gel capsules in a mammaUan stomach. In a preferred embodiment the enteric 
material is a coating. The coating can be acetate phthalate, propylene glycol, sorbitan monoleate. 
cellulose acetate trimellitate. hydroxy propyl methylcellulose phthalate or cellulose acetate 
phdialate. 

In another embodiment, the oral dosage form of the pharmaceutical composition includes 
a penetration enhancer. The penetration enhancer can be a bile salt or a fatty acid. The bile salt 
can be ursodeoxycholic acid, chenodeoxycholic acid, and salts thereof. The fatty acid can be 
capric acid, lauric acid, and salts thereof 
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In another embodiment, the oral dosage form of the pharmaceutical composition includes 
an excipient. In one example the excipient is polyethyleneglycol. In another example the 
excipient is precirol. 

In another embodiment, the oral dosage form of the pharmaceutical composition includes 
a plasticizer. The plasticizer can be diethyl phthalate, triacetin dibutyl sebacate, dibutyl phthalate 
or triethyl citrate. 

In one aspect, the invention features a pharmaceutical composition including an lEWA 
agent and a delivery vehicle. In one embodiment, the iRNA agent is (a) is 19-25 nucleotides 
long, preferably 21-23 nucleotides, (b) is complementary to an endogenous target RNA, and, 
optionally, (c) includes at least one 3' overhang 1-5 nucleotides long. 

In one embodiment, the deUvery vehicle can deliver an iRNA agent, e.g., a double- 
stranded iRNA agent, or sRNA agent, (e.g., a precursor, e.g., a larger iRNA agent which can be 
processed into a sRNA agent, or a DNA which encodes an iRNA agent, e.g., a double-stranded 
• iRNA agent, or sRNA agent, or precursor thereof) to a cell by a topical route of administration. 
The delivery vehicle can be microscopic vesicles. In one example the microscopic vesicles are 
liposomes, hi a preferred embodiment the liposomes are cationic liposomes. In another example 
the microscopic vesicles are micelles.hi one aspect, the invention features a pharaiaceutical 
composition including an iRNA agent, e.g., a double-stranded iRNA agent, or sRNA agent, (e.g., 
, a precursor, e.g., a larger iRNA agent which can be processed into a sRNA agent, or a DNA 
which encodes an iRNA agent, e.g., a double-stranded iRNA agent, or sRNA agent, or precursor 
thereof) in an injectable dosage form: In one embodiment, the injectable dosage form of the 
phaimaceutical composition includes sterile aqueous solutions or dispersions and sterile 
powders, hi a preferred embodunent the sterile solution can include a diluent such as water; 
saline solution; fixed oils, polyethylene glycols, glycerin, or propylene glycol. 

In one aspect, the invention features a phaimaceutical composition including an iRNA 
agent, e.g., a double-stranded iRNA agent, or sRNA agent, ie.g., a precursor, e.g., a larger iRNA 
agent which can be processed into a sRNA agent, or a DNA which encodes an iRNA agent, e.g., 
a double-stranded iRNA agent, or sRNA agent, or precursor thereof) in oral dosage form. In one 
embodunent, the oral dosage forai is selected from the group consisting of tablets, capsules and 
gel capsules, hi another embodiment, the pharmaceutical composition includes an enteric 
material that substantiaUy prevents dissolution of the tablets, capsules or gel capsules in a 
mammalian stomach. In a preferred embodiment the enteric material is a coating. The coating 
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can be acetate phthalate, propylene glycol, sorbitan monoleate, cellulose acetate trimellitate, 
hydroxy propyl methyl ceUulose phthalate or ceUulose acetate phthalate. In one embodiment, 
the oral dosage form of the phaimaceutical composition includes a penetration enhancer, e.g., a 
penetration enhancer described herein. 

In one aspect, the invention features a pharmaceutical composition including an iRNA 
agent, e.g., a double-stranded iRNA agent, or sRNA agent, ie,g., a precursor, e.g., a larger iRNA 
agent which can be processed into a sRNA agent, or a DNA which encodes an iRNA agent, e.g., 
a double-stranded iRNA agent, or sRNA agent, or precursor thereof) in a rectal dosage form. In 
one embodiment, the rectal dosage form is an enema. In another embodiment, the rectal dosage 
form is a suppository. 

In one aspect, the invention features a phannaceutical composition including an iRNA 
agent, e.g., a double-stranded iRNA agent, or sRNA agent, (e.g., a precursor, e.g., a larger iRNA 
agent which can be processed into a sRNA agent, or a DNA which encodes an iRNA agent, e.g., 
a double-stranded iRNA agent, or sRNA agent, or precursor thereof) in a vaginal disage form. 
In one embodiment, the vagmal dosage form is a suppository. \n another embodiment, the 
vaginal dosage fonn is a foam, cream, or gel. 

In one aspect, the invention features a phaimaceutical composition including an iRNA 
agent, e.g., a double-stranded iRNA agent, or sRNA agent, {e.g., a precursor, e.g., a larger iRNA 
agent which can be processed into a sRNA agent, or a DNA which encodes an iRNA agent, e.g., 
a double-stranded iRNA agent, or sRNA agent, or precursor thereof) in a puhnonary or nasal 
dosage form. In one embodiment, the iRNA agent is incorporated into a particle, e.g., a 
macroparticle, e.g., a microsphere. The particle can be produced by spray drying, lyophilization, 
evaporation, fluid bed drying, vacuum drying, or a combination thereof. The microsphere can be 
formulated as a suspension, a powder, or an implantable solid. 

In one aspect, the invention features a spray-dried iRNA agent, e.g., a double-stranded 
iRNA agent, or sRNA agent, {e.g., a precursor, e.g., a larger iRNA agent which can be processed 
into a sRNA agent, or a DNA which encodes an iRNA agent, e.g., a double-stranded iRNA 
agent, or sRNA agent, or precursor thereof) composition suitable for inhalation by a subject, 
including: (a) a therapeutically effective amount of a iRNA agent suitable for treating a condition 
in the subject by inhalation; (b) a pharmaceutically acceptable excipient selected from the group 
consisting of carbohydrates and amino acids; and (c) optionally, a dispersibility-enhancing 
amount of a physiologically-acceptable, water-soluble polypeptide. 
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In one embodiment, the excipient is a carbohydrate. The carbohydrate can be selected 
from the group consisting of monosaccharides, disaccharides, trisaccharides, and 
polysaccharides. In a preferred embodiment the carbohydrate is a monosaccharide selected from 
the group consisting of dextrose, galactose, mannitol, D-mannose, sorbitol, and sorbose. In 
another preferred embodiment the carbohydrate is a disaccharide selected from the group 
consisting of lactose, maltose, sucrose, and trehalose. 

In another embodiment, the excipient is an amino acid. In one embodiment, the amino 
acid is a hydrophobic amino acid. In a preferred embodiment the hydrophobic amino acid is 
selected from the group consisting of alanine, isoleucine, leucine, methionine, phenylalanine, 
prolme, tryptophan, and valine. In yet another embodiment the amino acid is apolar amino add 
hi a preferred embodiment the amino acid is selected from the group consisting of arginine, 
histidine, lysine, cysteine, glycine, glutamine, serine, threonine, tyrosine, aspartic acid and ' 
glutamic acid. 

hi one embodiment, the dispersibility-enhancing polypeptide is selected from the group 
consisting of human serum albumm, a-lactalbumin, trypsinogen. and polyalanine. 

to one embodiment, the spray-dried iENA agent composition includes particles having a 
mass median diameter (MMD) of less than 10 microns. In another embodiment, the spray-dried 
iRNA agent composition includes particles having a mass median diameter of less than 5 
miarons. In yet another embodiment the spray-dried iRNA agent composition includes particles 
having a mass median aerodynamic diameter (MMAD) of less than 5 microns. 

In certain other aspects, the invention provides kits that include a suitable container 
containing a pharmaceutical formulation of an iRNA agent, e.g., a double-stranded iRNA agent, 
or sRNA agent, {e.g., aprecursor, e.g., a larger iRNA agent which can be processed into a sRNA 
agent, or a DNA which encodes an iRNA agent, e.g., a double-stranded iRNA agent, or sKNA 
agent, or precursor thereof). In certain embodiments the individual components of the 
phamaceutical formulation may be provided in one container. Alternatively, it may be desirable 
to provide the components of the pharmaceutical formulation separately in two or more 
containers, e.g., one container for an iRNA agent preparation, and at least another for a carrier 
compound. The kit may be packaged in a number of different configurations such as one or 
more contamers in a single box. The different components can be combined, e.g., according to 
instructions provided with the kit. The components can be combined according to a method 
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described herein, e.g., to prepare and administer a pharmaceutical composition. The kit can also 
include a delivery device. 

In another aspect, the invention features a device, e.g., an implantable device, wherein the 
device can dispense or administer a composition that includes an iRNA agent, e.g., a double- 
stranded iRNA agent, or sRNA agent, (e.g., a precursor, e.g., a larger i:RNA agent which can be 
processed into a sRNA agent, or a DNA which encodes an iRNA agent, e.g., a double-stranded 
iRNA agent, or sRNA agent, or precursor thereof, e.g., a iRNA agent that silences an 
endogenous transcript. In one embodiment, the device is coated with the composition. Jn 
another embodiment the iRNA agent is disposed within the device. In another embodiment, the 
device includes a mechanism to dispense a unit dose of the composition. In other embodiments 
the device releases the composition continuously, e.g., by difiusion. Exemplary devices include 
stents, catheters, pumps, artificial organs or organ components (e.g., artificial heart, a heart 
valve, etc.), and sutures. 

As used herein, the term "crystalline" describes a soUd having the structure or 
characteristics of a crystal, i.e., particles of three-dimeosional structure in which the plane feces 
intersect at definite angles and in which there is a regular internal structure. The compositions of 
the invention may have different crystalline forms. Crystalline forms can be prepared by a 
variety of methods, including, for example, spray drying. 

The invention is fiulher illustrated by the following examples, which should not be ■ 
construed as fiuther limiting. 



Example 1: Inhibitioii of endogenous ApoM gene expression in mice 

Apolipoprotein M (ApoM) is a human apolipoprotein predominantly present in high- 
density lipoprotein (HDL) in plasma. ApoM is reported to be expressed exclusively in liver and 
in kidney (Xu N et al., Biochem J Biol Chem 1999 Oct 29;274(44):3 1286-90). Mouse ApoM is 
a 21kD membrane associated protein, and, in serum, the protem is associated with HDL 
particles. ApoM gene expression is regulated by the transcription factor hepatocyte nuclear 
factor 1 alpha (Hnf-la), as Hnf-lof'- mice are ApoM deficient. In humans, mutations in flie 
HNF-1 alpha gene represent a common cause of mahuity-onset diabetes of the young (MODY). 
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A variety of test iRNAs were synthesized to target the mouse ApoM gene. This gene was 
chosen in part because of its high expression levels and exclusive activity in the liver and kidney. 

Three different classes of dsRNA agents were synthesized, each class having different 
modifications and features at the 5' and 3' ends, see Table 7. 

Table? 

Targeted ORF's 

5 The 23mer! AAGTTTGGGCAGCTCTGCTCT (SEQ ID NO: 26) 



19 The 23mer: AAGTGGACATACC6ATTGACT (SEQ ID NO: 27) 



25 The 23raer: AACTCAGAACTGAAGGGCGCC (SEQ ID NO: 28) 



27 The 23raer: AAGGGCGCCCAGACATGAAAA (SEQ ID NO: 29) 



42: AAGATAGGAGCCCAGCTTCGA (SEQ ID NO: 30) 



Class I 

21-nt iRNAs, t, deoxythymidine; p, phosphate 

pGUUUGGGCAGCUCUGCUCUtt (SEQ ID NO: 31) #1 
pAGaGCAQAGCUGCCCAAACtt (SEQ ID NO: 32) 
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pGUGGACAUACCGAUUGACUtt (SEQ ID N0:33) #2 
pAGUCAAUCGGUAUGUCCACtt (SEQ ID NO: 34) 
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pCUCAGAACUGAAGGGCGCCfct (SEQ ID MO: 35) #3 
pGGCGCCCUUCAGUUCUGAGtt (SEQ ID N0:3S) 

pGAUAGGAGCCCAGCUUCGAtt (SEQ ID MO: 37) #4 
pUCGAAGCOGGGCUCCUAUCtt (SEQ ID MOs38) 

Class n 

21-iit iRNAs, t, deoxythymidine; p, phosphate; ps, thiophosphate 

pGUUUGGGCAGCUCUGCUCpsUpstpst (SEQ ID NO: 39) #11 
pAGAGCAGAGCUGCCCAAApsCpstpst (SEQ ID NO: 40) 

pGUGGACAUACCGAUUGACpsUpstpst (SEQ ID NO: 41) #13 
pAGUCAAUCGSOAUGUCCApsCpstpst (SEQ ID NO: 42) 

pCUCAGAACUGAAGGGCGCpsCpstpst (SEQ ID NO: 43) #15 
pGGCGCCCUUCAGDUCUGApsGpstpst . (SEQ ID NO: 44) 

pGAUAGQAGCCCAGCUUCGpsApstpst (SEQ ID NO: 45) #17 
pUCGAAGCUGGGOJCCUAUpsCpstpst (SEQ ID nO:46) 
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GDUUGGGCAGCUaJGCUCaCU (SEQ ID 110:47) #19 
AGAGAGCAGAGCUGCCCAAACUU (SEQ ID HO: 48) 

GUGGACAUACCGAUUGACUGA. (SEQ ID NO: 49) #21 
UCAGUCAAUCGGUAUGUCCACUU (SEQ ID 110:50) 

CUCAGAACaGAAGGGCGCCCA (SEQ ID NOsSl) #23 

GAUAGGAGCCCAGOJUCGAGU (SEQ ID NOi53) #25 
ACUCGAAGCUGGGCUCCOAUCOU (SEQ ID NO: 54) 

Class I dsRNAs consisted of 21 nucleotide paired sense and antisense strands. The sense 
and antisense strands were each phosphorylated at their 5' ends. The double stranded region was 
19 nucleotides long and consisted of ribonucleotides. The 3' end of each strand created a two 
nucleotide overhang consisting of two deoxyribonucleotide thymidines. See constructs #1-4 in 
Table 7. 

Class n dsRNAs were also 21 nucleotides long, with a 19 nucleotide double strand 
region. The sense and antisense strands were each phosphorylated at their 5' ends. The three 3' 
terminal nucleotides of the sense and antisense strands were phosphorothioate 
deoxyribonucleotides, and the two terminal phosphorothioate thymidines were unpaired, creating 
a 3 ' overhang region at each end of the iRNA molecule. See constructs 11,13, 15, and 17 in 
Table 7. 
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Class m dsRNAs included a 23 ribonucleotide antisense strand and a 21 ribonucleotide 
sense strand, to form a construct having a blunt 5'and a 3' overhang region. See constmcts 19, 
21, 23, and 25 in Table 7. 

Within each of the three classes of iRNAs, the four dsRNA molecules were designed to 
target four different regions oftheApoM transcript. dsRNAs 1, 11, and 19 targeted the 5 'end 
of the open reading frame (ORF). dsRNAs 2, 13, and 21, and 3, 15, and 23, targeted two internal 
regions (one 5'proximal and one 3'proxunal) of the ORF, and the 4, 17, and 25 iRNA constructs 
targeted to a region of the 3 'untranslated sequence (3'UTS) of the ApoM mRNA. This is 
summarized in Table 8. 



Table 8. iRNA molecules targeted to monse AdoM 





iRNA targeted 
to 5' end of 
ORF 


iRNA targeted 
to middle ORF 
(5' proximal) 


iRNA targeted 
to middle ORF 
(3' proximal) 


iRNA targeted 
to 3'UTS 


Class I 


1 


2 


3 


4 


Class n 


11 


13 


15 


17 


Class m 


19 


21 


23 


25 



CDl mice (6-8 weeks old, ~35g) were administered one of the test iRNAs in PBS 
solution. Two hundred micrograms of iRNA in a volume of solution equal to 10% body weight 
(~5.7mg iRNA/kg mouse) was administered by the method of high pressure tail vein injection, 
over a 10-20 sec. time interval. After a 24h recovery period, a second injection was performed 
using the same dose and mode of administration as the first injection, and following another 24h, 
a third and final injection was administered, also using the same dose and mode of 
administration. After a final 24h recovery, the mouse was sacrificed, serum was collected and 
the liver and kidney harvested to assay for an affect on ApoM gene expression. Expression was 
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monitored by quantitative RT-PCR and Western blot analyses. This experiment was repeated for 
each of the lElNAs listed in table 7. 

Class I lRNAs did not alter ApoM RNA levels in mice, as indicated by quantitative RT- 
PCR (FIGs. 7A and 7B). This is in contrast to the effect of these iRNAs in cultured HepG2 cells 
(FIG. 8). Cells cotransfected with a plasmid expressing exogenous ApoM RMA under a CMV 
promoter and a class I iRNA demonstrated a 25% or greater reduction in ApoM RNA 
concentrations as compared to control transfections. The iRNA molecules 1, 2 and 3 each 
caused a 75% decrease in exogenous ApoM mRNA levels. 

Class n iRNAs reduced liver and kidney ApoM mRNA levels by -30-85% (FIGs. 9A 
and 9B). The iRNA molecule "13" elicited the most dramatic reduction in mRNA levels; 
quantitative RT-PCR indicated a decrease of about 85% in liver tissue. Serum ApoM protein 
levels were also reduced as was evidenced by Western blot analysis. The iRNAs 11, 13 and 15, 
reduced protein levels by about 50%, while iRNA 17 had the mildest effect, reducing levels only 
by -15-20% (FIGs. lOA and lOB). 

Class m lElNAs (constructs 19, 21, and 23) reduced serum ApoM levels by -40-50% 
(FIGs. llAandllB). 

To determine the effect of dosage on iRNA mediated ApoM inhibition, the experiment 
described above was repeated with three injections of 50 fig iRNA "11" (-1.4 mg iRNA/kg 
mouse). This lower dosage of iRNA resulted in a reduction of serum ApoM levels of about 50% 
(FIGs. 12A and 12B). This is compared with the reduction seen with the 200 fig injections, 
which reduced serum levels by 25-45%. These results indicated the lower dosage amounts of 
iRNAs were effective. 

Jn an effort to increase iRNA uptake by cells, iRNAs were precomplexed with 
lipofectamine prior to tail vein injections. ApoM protein levels were about 50% of wildtype 
levels in mice injected with iRNA "11" when the molecules were preincubated with 
lipofectamine; ApoM levels were also about 50% of wildtype when mice were injected with 
iRNA "1 1" that was not precomplexed with lipofectamine (FIGs, 12A and 12B). 

These experiments revealed that modified iRNAs can greatly influence RNAi-mediated 
gene silencing. As demonstrated herein, modifications including phosphorothioate nucleotides 
are particularly effective at decreasing target protein levels. 
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The major reabsorptive mechanism for D-glucose in the kidney involves a low afBnity, 
high capacity Na+/glucose cotransporter, sodium-glucose cotransporter 2 (OMIM 182381) or 
SGLT2. SGLT2 and 3 are much more restrictive than SGLTl in that they prefer D-glucose to D- 
galactose or 3-O-methyl-D-glucose. Wright (Am. J. Physiol. Renal Physiol. 280:F10-18, 2001) 
and Kanai et al. (J. Clin. Invest. 93:397-404, 1994) demonstrated an extremely high level of 
SGLT2 message in proximal tubule SI segments. This level of expression was also evident on 
Northern blots and likely confers the high capacity of this glucose transport system. 

Blocking the increase in glucose reabsorption by the proximal tubule in patients with 
early-stage renal disease may prevent progression to renal failure. For example, phlorizin, a 
small molecule known to block NaVglucose cotransport (see structure below), reduced the single 
nephron glomerular filtration rate. The glomeralar filtration rate is increased significantly in 
patients'with early diabetes mellitus as conq>ared to normal volimteers. Down-regulation of 
SGLT2 protein production can lead to significant then^eutic improvement. 



Five siRNA oligonucleotides that target the SGLT2 inKNA sequence were selected (see 
FIG. 6). The cDNA for SGLT2 was sequenced by Wells et al. (Genomics 17:787-789, 1993). 
This sequence includes coding region and some UTR sequence. The iRNA target sequences were 
selected using Dharmacon selection tools (Dharmacon, Inc., Lafayette, CO) and are shown in 
Table 1. The Dharmacon selection algorithm allows the user to select certain parameters, 
including GC content, starting sequence, and mRNA region (i.e., only cDNAs). It also allows 
one to exclude certain sequences including nucleotide triplets. Oligonucleotides are selected 




HO, 



'oh 



Phlorizin 
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based on flie rules developed by Elbashir et al. {Methods 26:199-213, 2002). The biggest 
advantage of the Dhannacon selection algorithm, in contrast to those offered by Qiagen, Inc. 
(Valencia, CA), Ambion, Inc. (Austin, TX), and Sfold (Ding and Lawrence, Nucleic Acids Res. 
29:1034-1046, 2001) is that the chosen sequences are automatically BLASTed against sequences 
5 in GenBank for the selected organism. The automatic BLAST step saves considerable time and 
ensures that the oligonucleotides selected do not have significant homology to another known 
gene. 

OTHER EMBODIMENTS 

While this invention has been particularly shown and described with reference to 
1 0 preferred embodiments thereof, it will be understood by those skilled in the art that various ■ 
changes in form and details may be made therein without departing fiom the scope of the 
invention encon:q)assed by the appended claims. 
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1 . Aa iKNA agent comprising a sense sequence and an antisense sequence, wherein the a 
the iRNA agent comprises a stabilizing modification, and wherein the antisense sequaice targets 
an RNA expressed in kidney. 

2. The iRNA agent of claim 1, wherein the stabilizing modification is a cationic group. 

3. The iRNA agent of claim 1, wherein the stabilizing modification is a 2'-C)-alkyl 
amine, 2'-0-alkoxyalkyl amine, a polyamuie, a C5-cationic modified pyrimidine, a cationic 
peptide, guanidinium group, amidininium group or a cationic amino acid. 

4. The iENA agent of claim 1, further comprising a modification that alters the 
distribution of the iKNA agent in favor of the kidney. 

5. The iRNA agent of claim 4, wherein the modification is one or more of the following: 
a cationic group; a carbohydrate sugar; an enzyme or enzyme substrate; folic acid; a protein; a 
water soluble molecule; an RGD peptide, or any derivative or analog thereof; a synthetic 
molecule capable of targeting alpha v-beta 3 integrin.. 

6. The iRNA agent of claim 5, wherein the iRNA agent binds alpha v-beta 3 integriiL 

7. The iRNA agent of claim 1, wherein the sense sequence comprises one or more 
asymmetrical 2'0 alkyl amine modifications. 

8. The iRNA agent of claim 1 , wherein the antisense sequence comprises one or more 
asymmetrical phosphorothioate modifications. 

9. The iRNA agent of claim 7, wherein at least one of said 2'-0-alkyl amine 
modifications is a 2'-0-propylamine or 2'-0-(dimethylaminooxyethyl) modification. 

10. The iRNA agent of claim 1, having a nucleobase modification. 

11. The iRNA agent of claim 10, wherein said nucleobase modification is selected from 
a C-5 pyrimidine, an N-2 purine, an N-7 purine, and an N-6 purine modification. 

12. The iRNA agent of claim 1 or 11 having a modification which includes a cationic 
group or a Zwitterionic group. 

13. The iRNA agent of claim 12, wherein said modification is at a terminus. 
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1 4. The iRNA agent of claim 1 , modified to include one or more of a cationic group or a 
Zwitterionic group at a 2' position of a sugar, a 3 ' position of a sugar, the C-5 of a pyrimidine, 
flie N-2 of a purine, the N-7 of a purine, or the N-6 of a purine. 

15. The iElNA agent of claim 1, modified to include a guanidinium group at a 2' position 
5 of a sugar, a 3 * position of a sugar, the C-5 of a pyrimidine, the N-2 of a purine, the N-7 of a 

purine, or the N-6 of a purine. 

1 6. The iRNA agent of claim 1, wherein the sense sequence has at least 2 asymmetrical 
Z'-O alkyl amine modifications. 

17. The iRNA agent of claim 1, wherein flie sense sequence has at least 4 asymmetrical 
10 2'-6 alkyl amine modifications. 

18. The iRNA agent of claim 17, wherein the asynmietrical modifications are 2*-0Me 
modifications. 

19. The iRNA agent of claim 1, wherein the sense sequence has at least 6 asymmetrical 
2'-0 alkyl amine modifications. 

15 20. The iRNA agent of claim 19, wherein the asymmetrical modifications are 2'-0Me 

modifications. 

21 . The iRNA agent of claim 1, wherein the sense sequence has at least 8 asymmetrical 
2'-0 alkyl amine modifications. 

22. The iRNA agent of claim 21, wherein the asymmetrical modifications are 2'-0Me 
20 modifications. 

23 . The iRNA agent of claim 1 , wherein all of the suhunits of the sense sequence have an 
asymmetrical 2'-0 alkyl amine modification. 

24. The iRNA agent of claim 23, wherein the asymmetrical modification is a 2'-0Me 
modification. 



25 25. The iRNA ag^t of claim 1 , wherein the antisense sequence has at least 2 

asymmetrical phosphorothioate modifications. 
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26. The iRNA agent of claim 1, wherein the antisense sequence has at least 4 
asymmetrical phosphorothioate modifications. 

27. The iRNA agent of claim 1, wherein the antisense sequence has at least 6 
asymmetrical phosphorothioate modifications. 

28. The iRNA agent of claim 1, wherein the antisense sequence has at least 8 
asymmetrical phosphorothioate modifications. 

29. A method for treating a subject having or at risk for having a disorder of the kidney, 
the mefliod comprising administering to a subject an iRNA agent which targets an RNA 
expressed in the kidney, wherein said agent is modified to alter its distribution in fevor of the 
kidney. 

30. The method of claim 29, wherein said iRNA agent is conjugated with one or more of 
the following: a cationic group, a sugar, an enzyme or enzyme substrate, folic acid, a protein, a 
water soluble molecule, an RGD peptide, or any derivative or analog thereof 

31. The method of claim 29, wherein the iRNA agent is at least 21 nucleotides in length, 
and the duplex region of the iRNA is about 19 nucleotides in length. 

32. The method of claim 29, wherein the iRNA agent comprises a sense sequence and an 
antisense sequence, wherein the sense sequence has one or more asymmetrical 2'-0 alkyl amine 
modifications and the antisense sequence has one or more asymmetrical phosphorothioate 
modifications. 

33. The method of claim 32, wherein at least one of said 2'-0-aIkyl amine modifications 
is a 2'-OMe modification. 

34. The method of claim 32, wherein the sense sequence has at least 2 asymmetrical 2'- 
O alkyl amine modifications. 

35. The metiiod of claim 34, wherein the asymmetrical modifications are 2'-0Me 
modifications. 

36. The method of claim 32, wherein the sense sequence has at least 4 asymmetrical T- 
O alkyl amine modifications. 
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37. The method of claim 36, wherein tiie asymmetrical modifications are 2'-OMe 
modifications. 

38. The method of claim 32, wherein the sense sequence has at least 6 asymmetrical 2'- 
O alkyl amine modifications. 

39. The iKNA agent of claim 38, wherein the asymmetrical modifications are 2'-0Me 
modifications. 

40. The method of claim 32, wherein the sense sequence has at least 8 asymmetrical 2'- 
O alkyl amine modifications. 

41 . The method of claim 40, wherein the asymmetrical modifications are 2'-OMe 
modifications. 

42. The method of claim 32, wherein all of the subunits of the sense sequence have an 
asymmetrical 2'-0 alkyl amine modification. 

43. The method of claim 42, wherein the asymmetrical modifications are 2'-0Me 
modifications. 

44. The method of claim 32, wherein the antisense sequence has at least 2 asymmetrical 
phosphorothioate modifications. 

45. The method of claim 32, wherein the antisense sequence has at least 4 asymmetrical 
phosphorothioate modifications. 

46. The method of claim 32, wherein the antisense sequence has at least 6 asymmetrical 
phosphorothioate modifications. 

47. The metibod of claim 32, wherem the antisense sequence has at least 8 asymmetrical 
phosphorothioate modifications. 

48. The method of claim 29, wherein the iKNA agent targets a nucleic acid encoding one 
of the followmg: a chemokine, a complement factor, a growth factor, a growth factor recq)tor, a 
cytokine, or a vasoactive protein. 

49. The method of claim 29, wherein the iRNA agent targets one of the following: 
MCPl, osteopontin, RANTES, TGFbeta, TNFalpha, PDGF, IGF-1, IGF-2, VEGF, ILlalpha, 

232 



wo 2004/090108 PCTAJS2004/010586 

ETl, angiotensin n, PPARalpha, PPARbeta/delta, PPARgamma, B7-1, B7-2, ICOS, CD40, or 
CD154. 

50. The method of claim 29, wherein the disorder of the kidney is one of the group 
consisting of uretar obstruction, diabetes, proteinurea, renal carcinoma, Fanconi's syndrome and 

5 Bartter's syndrome. 

5 1 . The method of claim 29, wherein the iRNA agent is administered to a subject in 

shock. 

52. The method of claim 29, wherein the iRNA agent is administered to a subject before, 
during, or after a kidney transplant. 

10 53. A preparation of an iRNA agent which targets an RNA expressed in the kidney 

wherein said agent is modified to alter its distribution in favor of the kidney. 

54. The preparation of claim 53, wherein said iRNA agent is conjugated with one or 
more of the following: a cationic group, a sugar, an enzyme or enzyme substrate, folic acid, a 
protein, a water soluble molecule, an RGD peptide, or any derivative or analog thereof. 

15 55. The preparation of claim 53, wherein the iRNA agent is at least 21 nucleotides in 

length, and the duplex region of the iRNA is about 19 nucleotides in length. 

56. The preparation of claim 53, wherein the iRNA agent targets a nucleic acid encoding 
one of the following: a chemoldne, a complement fiictor, a groAvth factor, a growth factor 
receptor, a cytokine, or a vasoactive protein. 

20 57. The preparation of claim 53, wherein the iRNA agent targets one of the following: 

MCPl, osteopontin, RANTES, TGFbeta, TNFalpha, PDGF, IGF-1, IGF-2, VEGF, ILlalpha, 
ETl, angiotensin n, PPARalpha, PPARbeta/delta, PPARgamma, B7-1, B7-2, ICOS, CD40, or 
CD154. 

58. The preparation of claim 53, wherein said agent is modified to alter its distribution in 
25 favor of the proximal tubular cells of the kidney. 

59. The preparation of claim 53, wherein said agent is modified to alter its distribution in 
favor of the glomerulus of the kidney. 
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60. ine preparation ol claim wherein said agent is modified to alter its distribution in 
favor of glomerular epiflielial, glomerular endothelial, or mesangial cells of the kidney. 

61 . A pharamaceutical preparation comprising an iRNA agent which targets an RNA 
expressed in the kidney wherein said agent is modified to alter its distribution in favor of the 

5 kidney. 

62. A composition comprising an iRNA agent and a ligand, wherein the ligand binds a 
human serum protein. 
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1 gggggcagat cctggggaga atggnggagc acacagaggc aggctcggca ccagagatgg 
61 gggcccagaa ggccctgatt gacaatcctg ctgacatcct agtcattgct gcatatttcc 
121 tgctggtcattggcgttggc ttgtgg tcca tetecagaac caacae apgc actgtgggcg 
181 gctacttcct ggcaggacgc agcatggtgt ggtggccggt tggggcctct ctcttcgcca 
241 gcaacatcgg cagtggccac tttgtgggcc tggcagggac tggcgctgca agtggcttgg 
301 ctgttgctgg attcgagtgg aatgcgctct tcgtggtgct gctactgggc tggctgtttg 
361 cacccgtgta cctgacagcg ggggtcatca cgatgccaca gtacctgcgc aagcgcttcg 
421 gcggccgccg catccgcctc tacctgtctg tgctctccct tttcctgtac atcttcacca 
481 agatctcagt ggacatg ttc tccggaecte tattcatc ca gcaggctctg ggctggaaca 
541 tctatgcctc cgtcatcgcg cttctgggca tcaccatgat ttacacggtg acaggagggc 
601 tggccgcgct gatgtacacg gacacggtac agaccttcgt cattctgggg ggcgcctgca 
661 tcctcatggg ttacgccttc cacgaggtgg gcgggtattc gggtctcttc gacaaatacc 
721 tgggagcagc gacttcgctg acggtgtccg aggatccagc cgtgggaaac atctccagct 
781 tctgctatcg accccggccc gactcctacc acctgctccg gcaccccgtg accggggatc 
841 tgccgtggcc cgcgctgc tc ctcggactca caatcgt ctc gggctggtac tggtgcagcg 
901 accaggtcat cgtgcagcgc tgcctggccg ggaagagcct gacccacatc aaggcgggct 
961 gcatcctgtg tgggtacctg aagctgacgc ccatgtttct catggtcatg ccaggcatga 
1021 tcagccgcat tctgtaccca gacgaggtgg cgtgcgtggt gcctgaggtg tgcaggcgcg 
1081 tgtgcggcac ggaggtgggc tgctccaacatcgcctaccc gcggctcgtc gtgaagctca 
1141 tgcccaacgg tctgcgcgga ctcatgctgg cggtcatgct ggccgcgctc atgtcctcgc 
1201 tggcctccat cttcaacagc.agcagcacgc tottcaccat ggacatctac acgcgcctgc 
1261 ggccacgcgc cggcgaccgc gagctgctgc tggtgggacg gctctgggtg gtgttcatcg 
1321 tggtagtgtc ggtggcctgg cttoccgtgg tgcaggcggc acagggcggg cagctcttcg 
1381 attacatcca ggcagtctct agctacctgg caccgcccgt gtccgccgtc ttcgtgctgg 
1441 cgctcttcgt gccgcgcgtt aatgagcagg gcgccttctg gggactcatc gggggcctgc 
1501 tgatgggcct ggcacgcctg attcccgagt tctccttcgg ctcgggcagc tgtgtgcagc 
1561 cctcggcgtg cccagctttc ctctgcggcg tgcactacct ctacttcgcc attgtgctgt 
1621 tcttctgctc tggcctcctc accctcacgg tctccctgtg caccgcgccc atccccagaa 
1681 agcacctcca ccgcctggtc ttcagtctcc ggcatagca a ggaggaacgg gaggacctgg 
1741 atgctgatga gcagcaaggc tcctcactcc ctgtacagaa tgggtgccca gagagtgcca 
1801 tggagatgaa tgagccccag gccccggcac caagcctctt ccgccagtgc ctgctctggt 
1861 tttgtggaat gagcagaggt ggggtgggca gtcctccgcc ccttacccag gaggaggcag 
1921 cggcagcagc caggcggctg gaggacatca gcgaggaccc gagctgggcc cgtgtggtca 
1981 acctcaatgc cctgctcatg atggcagtgg ccgtgttcct ctggggcttc tatgcctaag 
2041 accaactgcg ttggacacca taagccacag cctcacagga agtgggggtg aggagcctgc 
2101 ggtgctcccc agaaaagggg aaggggcagt ggggtgagaa ggtcctggct ccccttctcc 
2161 cggccttcct ctgcctgggg cccactgcat ctgattggca gtcacttccc atgagggcct 
2221 ggcccacccg ctgcagttgc cctaaggaaa aataaagctg cctttcccct gta 
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SEQUENCE LISTING 
<110> Alnylam Pharmaceuticals Inc. 
<120> iRNA CONJUGATES 



<130> 14174-067WO1 

<150> US 60/460,783 
<151> 2003-04-03 

<150> US 60/462,894 
<151> 2003-04-14 

<150> US- 60/465, 665 
<151> 2003-04-25 

<150> US 60/463,772 
<151> 2003-04-17 

<150> US 60/4 69,612 
<151> 2003-05-09 

<150> US 60/503,414 
<151> 2003-09-15 

<150> US 60/465,802 
<151> 2003-04-25 

<150> US 60/493,986 
<151> 2003-08-08 

<150> US 60/494,597 
<151> 2003-08-11 

<150> US 60/506,341 
<151> 2003-9-26 

<150> US 60/510,246 
<151> 2003-10-9 

<150> US 60/510,318 
<151> 2003-10-10 

<150> US 60/518,453 
<151> 2003-11-07 

<150> PCT/US04/07070 
<151> 2004-03-08 

<160> 63 



<170> FastSEQ for Windows Version 4.0 

<210> 1 

<2H> 2273 

<212> DNA 

<213> Homo sapiens 
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<400> 1 

gggggcagat cctggggaga atggaggagc acacagaggc aggctcggca ccagagatgg 60 

gggcccagaa ggccctgatt gacaatcctg ctgacatcct agtcattgct gcatatttcc 120 

tgctggtcat tggcgttggc ttgtggtcca tgtgcagaac caacagaggc actgtgggcg 180 

gctacttcct ggcaggacgc agcatggtgt ggtggccggt tggggcctct ctcttcgcca 240 

gcaacatcgg cagtggccac tttgtgggcc tggcagggac tggcgctgca agtggcttgg 300 

ctgttgctgg attcgagtgg aatgcgctct tcgtggtgct gctactgggc tggctgtttg 360 

cacccgtgta cctgacagcg ggggtcatca cgatgccaca gtacctgcgc aagcgcttcg 420 

gcggccgccg catccgcctc tacctgtctg tgctctccct tttcctgtac atcttcacca 480 

agatctcagt ggacatgttc tccggagctg tattcatcca gcaggctctg ggctggaaca 540 

tctatgcctc cgtcatcgcg cttctgggca tcaccatgat ttacacggtg acaggagggc 600 

tggccgcgct gatgtacacg gacacggtac agaccttcgt cattctgggg ggcgcctgca 660 

tcctcatggg ttacgccttc cacgaggtgg gcgggtattc gggtctcttc gacaaatacc 720 

tgggagcagc gacttcgctg acggtgtccg aggatccagc cgtgggaaac atctccagct 780 

tctgctatcg accccggccc gactcctacc acctgctccg gcaccccgtg accggggatc 84 0 

tgccgtggcc cgcgctgctc ctcggactca caatcgtctc gggctggtac tggtgcagcg 900 

accaggtcat cgtgcagcgc tgcctggccg ggaagagcct gacccacatc aaggcgggct 960 

gcatcctgtg tgggtacctg aagctgacgc ccatgtttct catggtcatg ccaggcatga 1020 

tcagccgcat tctgtaccca gacgaggtgg cgtgcgtggt gcctgaggtg tgcaggcgcg 1080 

tgtgcggcac ggaggtgggc tgctccaaca tcgcctaccc gcggctcgtc gtgaagctca 1140 

tgcccaacgg tctgcgcgga ctcatgctgg cggtcatgct ggccgcgctc atgtcctcgc 1200 

tggcctccat cttcaacagc agcagcacgc tcttcaccat ggacatctac acgcgcctgc 12 60 

ggccacgcgc cggcgaccgc gagctgctgc tggtgggacg gctctgggtg gtgttcatcg 1320 

tggtagtgtc ggtggcctgg cttcccgtgg tgcaggcggc acagggcggg cagctcttcg 1380 

attacatcca ggcagtctct agctacctgg caccgcccgt gtccgccgtc ttcgtgctgg 1440 

cgctcttcgt gccgcgcgtt aatgagcagg gcgccttctg gggactcatc gggggcctgc 1500' 

tgatgggcct ggcacgcctg attoccgagt tctccttcgg ctcgggcagc tgtgtgcagc 1560 

cctcggcgtg cccagctttc ctctgcggcg tgcactacct ctacttcgcc attgtgctgt 1620- 

tcttctgctc tggcctcctc accctcacgg tctccctgtg caccgcgccc atccccagaa 1680 

agcacctcca ccgcctggtc ttcagtctcc ggcatagcaa ggaggaacgg gaggacctgg 1740 

atgctgatga gcagcaaggc tcctcactcc ctgtacagaa tgggtgccca gagagtgcca 1800 

tggagatgaa tgagccccag gccccggcac caagcctctt ccgccagtgc ctgctctggt 1860 

tttgtggaat gagcagaggt ggggtgggca gtcctccgcc ccttacccag gaggaggcag 1920 

cggcagcagc caggcggctg gaggacatca gcgaggaccc gagctgggcc cgtgtggtca 1980 

acctcaatgc cctgctcatg atggcagtgg ccgtgttcct ctggggcttc tatgcctaag 2040 

accaactgcg ttggacacca taagccacag cctcacagga agtgggggtg aggagcctgc 2100 

ggtgctcccc agaaaagggg aaggggcagt ggggtgagaa ggtcctggct ccccttctcc 2160 

cggccttcct ctgcctgggg cccactgcat ctgattggca gtcacttccc atgagggcct 2220 

ggcccacccg ctgcagttgc cctaaggaaa aataaagctg cctttcccct gta 2273 

<210> 2 
<211> 19 
<212> DMA 

<213> Artificial Sequence 

<220> 

<223> Exemplary siRNA 
<400> 2 

ccatgtgcag aaccaacag 19 

<210> 3 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exemplary siRNA 



<400> 3 

tctccggagc tgtattcat 
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<210> 4 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exemplary siRNA 
<400> 4 

tcctcggact cacaatcgt 

<210> 5 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exemplary siRNA 
<400> 5 

gtgttcatcg tggtagtgt 

<210> 6 
<2H> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Exemplary siRNA 
<400> 6 

ttcagtctcc ggcatagca 

<210> 7 
<211> 16 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Exemplary Cell Permeation Peptide 
<400> 7 

Arg Gin lie Lys He Trp Phe Gin Asn Arg Arg Met Lys Trp Lys Lys 
15 10 15 

<210> 8 
<211> 14 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Exemplary Cell Permeation Peptide 
<400> 8 

Gly Arg Lys Lys Arg Arg Gin Arg Arg Arg Pro Pro Gin Cys 
15 10 

<210> 9 
<211> 27 
<212> PRT 
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<213> Artificial Sequence 
<220> 

<223> Exemplary Cell Permeation Peptide 
<400> 9 

Gly Ala Leu Phe Leu Gly Trp Leu Gly Ala Ala Gly Ser Thr Met Gly 

^5 10 15 

Ala Trp Ser Gin Pro Lys Lys Lys Arg Lys Val 
20 25 

<210> 10 
<211> 18 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Exemplary ' Cell Permeation Peptide 
<400> 10 

Leu Leu He He Leu Arg Arg Arg He Arg Lys Gin Ala His Ala His 



<210> 11 
<211> 26 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Exemplary Cell Permeation Peptide 
<400> 11 

Gly Trp Thr Leu Asn Ser Ala Gly Tyr Leu Leu Lys He Asn Leu Lys 

15 10 15 

Ala Leu Ala Ala Leu Ala Lys Lys He Leu 
20 25 

<210> 12 
<211> 18 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Amphiphilic model peptide 
<400> 12 

Lys Leu Ala Leu Lys Leu Ala Leu Lys Ala Leu Lys Ala Ala Leu Lys 



<210> 13 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Exemplary Cell Permeation Peptide 
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<400> 13 

Arg Arg Arg Arg Arg Arg Arg Arg Arg 
1 5 

<210> 14 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Exemplary Cell Permeation Peptide 
<400> 14 

Lys Phe Phe Lys Phe Phe Lys Phe Phe Lys 
1 5 10 

<210> 15 
<211> 37 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Exemplary Cell Permeation Peptides 
<400> 15 

Leu Leu Gly Asp Phe Phe Arg Lys Ser Lys Glu Lys lie Gly Lys Glu 

1 5 10 15 

Phe Lys Arg He Val Gin Arg He Lys Asp Phe Leu Arg Asn Leu Val 

20 25 30 

Pro Arg Thr Glu Ser 
35 



<210> 16 
<211> 31 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Exemplary Cell Permeation Peptides 
<400> 16 

Ser Trp Leu Ser Lys Thr Ala Lys Lys Leu Glu Asn Ser Ala Lys Lys 

^ ^ 10 15 

Arg He Ser Glu Gly He Ala He Ala He Gin Gly Gly Pro Arg 
20 25 30 

<210> 17 
<211> 30 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Exemplary Cell Permeation Peptides 
<400> 17 

Ala Cys Tyr Cys Arg He Pro Ala Cys He Ala Gly Glu Arg Arg Tyr 

^5 10 15 

Gly Thr Cys He Tyr Gin Gly Arg Leu Trp Ala Phe Cys Cys 
20 25 30 



<210> 18 
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<211> 36 
<212> PRT 

<213> Artificial Sequence 

<220> 

<223> Exemplary Cell Permeation Peptides 

<400> 18 

Asp His Tyr Asn Cys Val Ser Ser Gly Gly Gin Cys Leu Tyr Ser Ala 

^ 10 15 

Cys Pro He Phe Thr Lys He Gin Gly Thr Cys Tyr Arg Gly Lys Ala 

20 25 30 

Lys Cys Cys Lys 
35 

<210> 19 
<211> 12 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Exemplary Cell Permeation Peptides 
<400> 19 

Arg Lys Cys Arg He Val Val He Arg Val Cys Arg 
^ 5 10. . 

<210> 20 
<211> 42 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Exemplary Cell Permeation Peptides 
<400> 20 

Arg Arg Arg Pro Arg Pro Pro Tyr Leu Pro Arg Pro Arg Pro Pro Pro 

5 10 15 

Phe Phe Pro Pro Arg Leu Pro Pro Arg He Pro Pro Gly Phe Pro Pro 

20 25 30 

Arg Phe Pro Pro Arg Phe Pro Gly Lys Arg 
35 40 

<210> 21 
<211> 13 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Exemplary Cell Permeation Peptides 
<400> 21 

He Leu Pro Trp Lys Trp Pro Trp Trp Pro Trp Arg Arg 
1 5 10 

<210> 22 . 
<211> 16 
<212> PRT 

<213> Artificial Sequence 



<220> 
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<223> Artificial Sequence 
<400> 22 

Ala Ala Val Ala Leu Leu Pro Ala Val Leu Leu Ala Leu Leu Ala Pro 
1 5 10 15 . 

<210> 23 
<211> 11 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetically generated peptide 
<400> 23 

Ala Ala Leu Leu Pro Val Leu Leu Ala Ala Pro 
15 10 

. <210> 24 
<211> 13 
<212> PRT 

<213> Human iinmunodef iciency virus 
<400> 24 

Gly Arg Lys Lys Arg Arg Gin Arg Arg Arg Pro Pro Gin 
■^5 10 

<210> 25 
<211> 16 
<212> PRT 

<213> Drosophila Antennapedia 
<400> 25 

Arg Gin He Lys He Trp Phe Gin Asn Arg Arg Met Lys Trp Lys Lys 
5 10 15 

<210> 26- 

<211> 21 

<212> DNA 

<213> Mus musculus 

<400> 26 

aagtttgggc agctctgctc t 2^ 

<210> 27 

<211> 21 

<212> DNA 

<213> Mus musculus 

<400> 27 

aagtggacat accgattgac t 2i 

<210> 28 

<211> 21 

<212> DNA 

<213> Mus musculus 

<400> 28 

aactcagaac tgaagggcgc c 
<210> 29 
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<211> 21 

<212> DNA 

<213> Mus mus cuius 



<400> 29 

aagggcgccc agacatgaaa a 

<210> 30 

<211> 21 

<212> DNA 

<213> Mus musculus 



<400> 30 

aagataggag cccagcttcg a 

<210> 31 
<211> 21 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Synthetically generated SiRNA 

<221> misc_feature 
<222> 20, 21 

<223> n =. deoxythymidine 
<400> 31 

guuugggcag cucugcucun n 

<210> 32 
<211> 21 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Synthetically generated SiRNA 

<221> misc_feature 
<222> 20, 21 

<223> n = deoxythymidine 
<400> 32 

agagcagagc ugcccaaacn n 

<210> 33 
<211> 21 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Synthetically generated SiRNA 

<221> iiiisc_feature 
<222> 20, 21 

<223> n = deoxythymidine 
<400> 33 

guggacauac cgauugacun n 



<210> 34 
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<211> 21 
<212> RNA 

<213> Artificial Sequence 

<220> 

<223> Synthetically generated SiRNA 

<221> misc_feature 
<222> 20, 21 

<223> n = deoxythymidine 

<400> 34 

agucaaucgg uauguccacn n 

<210> 35 
<211> 21 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Synthetically generated SiRNA 

<221> misc_feature 
<222> 21, 22 

<223> n = deoxythymidine 
<400> 35 

cucagaacug aagggcgccn n 

<210> 36 
<211> 21 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Synthetically generated SiRNA 

<221> inisc_feature 
<222> 20, 21 

<223> n = deoxythymidine 
<400> 36 

ggcgcccuuc aguucugagn n 

<210> 37 
<211> 21 
<212> RNA 

<213> Artificial Sequence 

<220> 

<223> Synthetically generated SiRNA 

<221> raisc_feature 
<222> 20, 21 

<223> n = deoxythymidine 

<400> 37 

gauaggagcc cagcuucgan n 

<210> 38 
<2H> 21 
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21 



21 



21 
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<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Synthetically generated SiRNA 

<221> misc_feature 
<222> 20, 21 

<223> n = deoxythymidine 
<400> 38 

ucgaagcugg gcuccuaucn n 21 

<210> 39 
<2H> 24 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Synthetically generated SiRNA 

<221> misc_feature 

<222> 19, 21, 23 

<223> n = thiophosphate 

<221> niisc_feature 
<222> 22, 24 

<223> n = deoxythymidine 
<400> 39 

guuugggcag cucugcucnu nnnn 24 



<210> 


40 


<211> 


24 


<212> 


RNA 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetically generated SiRNA 


<221> 


misc feature 


<222> 


19, 21, 23 


<223> 


n = thiophosphate 


<221> 


misc feature 


<222> 


22, 24 


<223> 


n = deoxythymidine 


<400> 


40 



agagcagagc ugcccaaanc nnnn 

<210> 41 
<211> 24 
<212> RNA 

<213> Artificial Sequence 

<220> 

<223> Synthetically generated SiRNA 



<221> misc_feature 
<222> 19, 21, 23 
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<223> n = thiophosphate 

<221> misc_feature 
<222> 22, 24 

<223> n = deoxythymidine 
<400> 41 

guggacauac cgauugacnu nnnn 24 

<210> 42 
<211> 24 
<212> RNA 

<213> Artificial Sequence 

<220> 

<223> Synthetically generated SiRNA 

<221> misc_feature 

<222> 19, 21, 23 

<223> n = thiophosphate 

<221> misc_feature 
<222> 22, 24 

<223> n = deoxythymldine 



<400> 42 

agucaaucgg uauguccanc nnnn 



<210> 


43 


<211> 


24 


<212> 


RNA 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetically generated SiRNA 


<221> 


misc feature 


<222> 


19, 21, 23 


<223> 


n = thiophosphate 


<221> 


raise feature 


<222> 


22, 24 


<223> 


n = deoxythymidine 


<400> 


43 



cucagaacug aagggcgcnc nnnn 



<210> 


44 


<211> 


24 


<212> 


RNA 


<213> 


Artificial Sequence 


<220> 




<223> 


Synthetically generated SiRNA 


<221> 


misc feature 


<222> 


19, 21, 23 


<223> 


n = thiophosphate 


<221> 


raise feature 


<222> 


22, 24 



wo 2004/090108 



PCTAJS2004/010586 



12/16 



<223> n = deoxythymidine 



<400> 44 

ggcgcccuuc aguucugang nnnn 



24 



<210> 45 
<211> 24 
<212> RNA 

<213> 2\rtificial Sequence 

<220> 

<223> Synthetically generated SiRNA 

<221> misc_feature 

<222> 19, 21, 23 

<223> n = thiophosphate 

<221> niisc_feature 
<222> 22, 24 

<223> n = deoxythymidine 
<400> 45 

gauaggagcc cagcuucgna nnnn 24 

<210> 46 
<211> 24 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Synthetically generated SiRNA 

<221> itiisc_feature 

<222> 19, 21, 23 

<223> n = thiophosphate 

<221> misc_feature 
<222> 22, 24 

<223> n = deoxythymidine 
<400> 46 

ucgaagcugg gcuccuavinc nnnn 24 

<210> 47 
<211> 21 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Synthetically generated SiRNA 



<400> 47 

guuugggcag cuougcuouc u 



21 



<210> 48 
<211> 23 
<212> RNA 



<213> Artificial Sequence 



<220> 

<223> Synthetically generated SiRNA 
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<400> 48 

agagagcaga gcugcccaaa cuu 

<210> 49 
<211> 21 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Synthetically generated SiRNA 
<400> 49 

guggacauac cgauugacug a 

<210> 50 
<211> 23. 
<212> RNA 

<213> Artificial Sequence 
< <220> 

<223> Synthetically generated SiRNA 
<400> 50 

ucagucaauc gguaugucca cuu 

<210> 51' 
<211> 21 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Synthetically generated SiRNA 
<400> 51 

cucagaacug aagggcgccc a 

<210> 52 
<211> 23 
<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Synthetically generated SiRNA 

<400> 52' 

ugggcgcccu ucaguucuga guu 

<210> 53 
<211> 21 
<212> RNA 

<213> Artificial Sequence 

<220> 

<223> Synthetically generated SiRNA 

<400> 53 

gauaggagcc cagcuucgag u 

<210> 54 
<211> 23 
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<212> RNA 

<213> Artificial Sequence 
<220> 

<223> Synthetically generated SiRNA 
<400> 54 

acucgaagcu gggcuccuau cuu 



23 



<210> 55 

<2H> 23 

<212> DNA 

<213> Mus musculus 

<400> 55 

aagctggccc tggacatgga gat 

<210> 56 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> "Dual targeting" siRNAs 

<221> misc_feature 
<222> 20, 21 

<223> n = dT= deoxythymidine 
<400> 56 

uaccagcacc caggugcugn n 

<210> 57 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> "Dual targeting" siRNAs 

<221> inisc_feature 
<222> 20, 21 

<223> n = dT= deoxythymidine 
<400> 57 

ccgggcaucc ggacgaguun n 

<210> 58 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Dual targeting aiRNA 

<221> misc_feature 
<222> 1, 2 

<223> n = dT= deoxythynddine 



<400> 58 

nnaugguagu gggucgacga c 
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<210> 59 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> "Dual targeting" siRNAs 

<221> misc_feature 
<222> 1, 2 

<223> n = dT= deoxythymidine 
<400> 59 

nnggcccguc gcccagcuca a 

<210> 60 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Pseudocomplementary, bifunctional siRNA 

<221> misc_feature 
<222> 5 

<223> n = A* = 2-aminoadenine 

<221> misc_feature 
<222> 20, 21 

<223> n = dT= deoxythymidine 
<400> 60 

uaccngcacc caggugcugn n 

<210> 61 
<2H> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Pseudocomplementary, bifunctional siRNA 

<221> misc_feature 
<222> 16 

<223> n = A* = 2-aminoadenine 

<221> misc_feature 
<222> 20, 21 

<223> n = dT= deoxythymidine 

<400> 61 

cogggcaucc ggacgnguun n 

<210> 62 
<211> 21 
<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Pseudocomplementary, bifunctional siRNA 
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<221> misc_feature 
<222> 1, 2 

<223> n = dT= deoxythymidine 

<221> misc_feature 
<222> 7 

<223> n = 2-thiouracil 
<4.00> 62 

nnauggnagu gggucgacga c 21 

<210> 63 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Pseudocomplementary, bifunctional siRNA 

<221> inisc_feature 
<222> 1, 2 

<223> n = dT= deoxythymidine 

<221> inisc_feature 
<222> 18 

<223> n = 2-thiouracil 



<400> 63 

nnggcccguc gcocagcnca a 



21 



